Somewhere east of Laramie, on one of Wyoming's 
plains, you'll find the strangest 


government housing project ever 
built. Six concrete and steel build- 
ings are being constructed to house 
Atlas missiles. The site is one of the 
operational intercontinental missile 
bases to be operated by the Strate- 
gic Air Command. This base is being 
constructed on the surface. Others 
will burrow deep into the earth. 
Generally, the missiles are all 
you ever hear or read about. Ac- 


The U. S. Army Corps of Engineers is con- 


structing this operational intercontinental 
missile base in Wyoming. In front of the 
partially completed Launch and Service Build- 
ings are Col. Sidney T. Martin, in charge of 
construction, and Maurice K. Graber, a con- 
struction engineer for the Corps. 


This is the inside of the blast pit of one of the 
launcher buildings. In all six of these build- 
ings there are 1,040 tons of structural steel, 
1,950 tons of reinforcing steel, over 48,000 tons 
of concrete aggregate, blocks and cement, 
and 8,040 tons of mechanical steel! items. 


tually, they’re only a small part of 
the missile program. Most of the 
manpower and material go into 
ground support equipment. There 
are over 11,000 tons of steel and 
over 48,000 tons of concrete aggre- 
gate, blocks and cement in the six 
launching service buildings at this 
site alone. 

United States Steel can supply 
virtually all of the material for a 
missile program — carbon steels, 
high-strength low-alloy steels, ultra- 
high-strength alloy steels, Stain- 
less Steel, steel fence, electrical 
cable, cement and wire rope. 

The success of our whole missile 
program depends upon these ma- 
terials. And upon manpower. Here's 


where you fit in: it takes trained en- 
gineers and men of many other pro- 
fessions, such as those interested 
in financial analysis or sales to 
research, develop and produce 
these steels. If you would like to 
have information about the many 
career possibilities at U.S. Steel, 
send the coupon. 


United States Steel 


Fuel lines and process piping are Stainless 

Steel and operate at pressures up to 15,000 qaabemans 
psi. The pipes are kept almost surgically clean 

to prevent contamination of fuel and subse- 

quent malfunction. Vapor degreasing and 

chemical cleaning processes are used on 

the pipes. 


The Atlas is powered 
by a cluster of liquid 
propellant rocket en- 
gines that burn liquid 
oxygen and RP-1, a 
kerosene-like hydro- 
carbon fuel. 192 pres- 
sure tanks fabricated 
from alloy or Stainless 
Steel plate at this site 
store liquid and gases Name 
—liquid oxygen and ni- 

trogen and helium School 

gases which are used 

to inject the fuels into Address 


the missiles. 
City Zone State 


United States Stee! Corporation 
Room 6071, 525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send me the free booklet, ‘Paths of Opportunity.” 
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Things we KNOW about tOMOFFOW: sound waves tike tnese will wash dishes, disperse 
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radioactive parts. e to almost anything, even glass. Perform surgery without a 
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flavors of foods, and the crystals in a steel ingot. Ultrasonics is a major research and development 
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... and another reason why Westinghouse is the best place for talented engineers. For more information write L. H. 


Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa. You can be sure if it's Westinghouse 
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Taking the pulse of a petrified river 


From the Colorado plateau—once the floor of a vast inland sea— 
comes the wonder metal uranium. Using sensitive instruments, Union Carbide 
geologists find its faint gamma rays along the beds of ancient petrified rivers. 


Every ton that is mined ultimately yields just about half an ounce 
of uranium 235. . . precious food for atomic reactors. At Oak Ridge, Tennessee 
—the great atcmic energy center operated by Union Carbide for the U. S. 
Atomic Energy Commission—the fuel becomes the kind of energy that will 
drive a submarine. . . light a city . . . or help doctors pinpoint the location 
of diseased tissue. 

Finding, refining, and researching the materials used in atomic 
energy are all part of the work done by the people of Union Carbide to enrich 
your daily life. With pioneering curiosity, they are seeking new things not 
only in atomic energy, but also in the fields of carbons, chemicals, gases, 
metals, and plastics. 


Learn about the exciting work 
now going on in atomic energy. 
Send for the illustrated booklet, 
“The Atom in Our Hands,’’ 
Union Carbide Corporation, 
270 Park Avenue, New York 17, 
N.Y.1In Canada, Union Carbide 
Canada Limited, Toronto, 


UNION 
CARBIDE 


...a hand 
in things to come 
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Is there a future for you in a chemical company? 


At Monsanto, definitely yes. Mechanical and electrical 
engineers carry key responsibilities in Monsanto en- 
gineering and management. You will have unique 
opportunities for broad application of your profes- 
sional skills as well as opportunities for specialization 
in engineering, plant operations, research and 
development. 


Mechanical Engineers... 


@ Plant design and layout 

e Equipment selection 

e Materials specification 

e Design of new and unique equipment 


Plant engineering 

e Construction 

e Specialization in the fields of fluid 
mechanics, stress analysis, heat 
transfer, etc. 
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Electrical Engineers... 


e Design of electrical systems e Power distribution and substation design 
e Process control instrumentation e Automated process systems engineering 
e Applied research e Equipment evaluation and selection 


Want to hear more? We hope you will arrange through 
your Placement Director to 

see our representative when 
he visits your campus, or write 

Professional Employment Monsanto 
Manager, EM-1, Monsanto 


Chemical Company, St. Louis 
66, Missouri. 


When writing to advertisers please mention the Connect ENGINEER. 
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IMPORTANT DEVELOPMENTS AT JPL 


THE CRYOGENIC GYRO 


A fundamentally new type of gyroscope with the possi- 
bility of exceptionally low drift rates is currently under 
development. The design techniques used in conventional 
electro-mechanical gyros appear to have been largely 
exploited. A break-through is needed, and the cryogenic 
gyro may well provide it. 

The cryogenic (liquid helium temperatures, in the range of 
4°K) gyro consists of a superconducting sphere supported 
by a magnetic field. The resulting configuration is capable 
of support in this manner as a result of a unique property 


CALIFORNIA 


of a superconductor. Exceptionally iow drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional electro- 
mechanical gyros. 

This is just one example of the intriguing solid state con- 
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration. In addition to gyro applica- 
tions, superconducting elements are providing computer 
advances and frictionless bearings. The day of the all-solid- 
state space probe may be nearer than one realizes. 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 
A Reseorch Facility operated for the National Aeronautics and Spoce Administration 
PASADENA, CALIFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 


INFRA-RED « OPTICS « MICROWAVE + SERVOMECHANISMS * COMPUTERS » LIQUID AND SOLID PROPULSION «+ STRUCTURES » CHEMISTRY 
INSTRUMENTATION * MATHEMATICS « AND SOLID STATE PHYSICS « ENGINEERING MECHANICS « TRANSISTOR CIRCUITRY 


Send resume, with full qualifications and experi: 


dint, 


for our i 
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ce for your equipment | 


SEALMASTER Ball Bearing Units give a decided quality advan- 
tage at no premium in price. Exclusive SEALMASTER engineer- 
ing features ore designed to provide years of efficient 
performance. SEALMASTER'S diversified lines of bearing units 
enables you to meet all types of bearing applications and 
specific mounting arrangements. Whatever your bearing 

requirements may be, with regard to quality, performance, 
load or economy, you'll find SEALMASTER has it. For full 
information on SEALMASTER Boll Bearing Units, including 
the new low cost ‘'L’’ Series Units and ‘'L’’ Series Units with 
contact seals, call your SEALMASTER factory sales represen- 
tative or distributor, or write direct to the factory. 


WRITE FOR 


SEALMASTER BEARINGS A division of CATALOG 454 
STEPHENS-ADAMSON MFG. CO. ond BULLETIN 359 


93 Ridgeway Ave. + Avrora, ttiinois 


LF FLANGE UNIT 
PLANTS LOCATED IN: LOS ANGELES, CALIFORNIA © CLARKSDALE, MISSISSIPPI © BELLEVILLE, ONTARIO 
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OF YOUR 
WORKING TOOLS... 


A.W.FABER 

CASTELL 
helps the hand that 
shapes the future 


#9000 CASTELL Pencil 
with world’s finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle- 
point sharpness without 
breaking or feathering. 
Smooth, 100% grit- 
free, consistently 
uniform, 8B to 10H. 


#9800 SG LocKTITE 
TeL-A-Grabde Holder, 


AW FABER 
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Relieves finger fatigue. 
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in quality and grading, 
7B to 10H, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world’s finest 
drawing pencil. You'll 
be wise to begin now. 


A.W.FABER - CASTELL 


Pencil Co., Inc., Newark 3, N. J. 
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10,000 traffic signals controlled by a computer. 
Imagine a computer that could solve the downtown 
traffic problem. This is the long-range potential of a 
new kind of computer invented by Westinghouse, one 
that “learns” by experience, and adapts instantly to 
changing problems. One pilot model has been running 
a refinery process. Tomorrow this new-concept com- 
puter will improve the making of cement, paper, and 
almost anything else made by a continuous process, 


Compared to standard computers, it will be smaller, 
cheaper, more reliable. 

Interest in tomorrow is one reason Westinghouse 
is the best place for talented engineers. For more rea- 
sons, write L. H. Noggle, Westinghouse Educational 
Department, Pittsburgh 21, Pa. 

You can be sure . . . if it’s 


Westinghouse 
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HUGHES MASTERS FELLOWSHIPS. The Hughes Masters Fel- 
lowship Program offers unusual opportunities for education leading 
to a master’s degree...and, in addition, provides each fellow with 
practical experience in the professional field of his choice. 


Approximately fifty new awards will be made in 1961 to qualified 
applicants possessing a bachelor’s degree in science or engineering. 


A selected group of award winners will be offered a FULL STUDY 
PROGRAM. Participants in this program will receive fellowships that 
permit them to attend an outstanding university on a full time basis 
during the regular academic year with a substantial stipend. 


Other award winners will be assigned to the WORK STUDY PROGRAM 
and will attend a university sufficiently near a facility of the Hughes 
Aircraft Company to permit them to obtain practical experience, in 
a professional field of their choice, by working at the company half 
time. An appropriate stipend will also be awarded. 


After completion of the Master’s Program, fellows are eligible to 
apply for HUGHES DOCTORAL FELLOWSHIPS. 


HOWARD HUGHES DOCTORAL FELLOWSHIPS. If you are in- 
terested in studies leading to a doctor's degree in physics or engi- 
neering, you are invited to apply for one of the several new awards 
in 1961 on the Howard Hughes Doctoral Fellowship Program. 


This unique program offers the doctoral candidate the optimum 
combination of high-level study at an outstanding institution plus 
practical industrial experience in the Hughes laboratories. 


Each Howard Hughes Doctoral Fellowship provides approximately 
$8,000 annually. Of this amount approximately $1,800 is for tuition, 
thesis and research expenses, other academic fees and books. The 
remaining amount is the award of a cash stipend and salary earned 
by the fellow. 


Howard Hughes Doctoral Fellowships are open to outstanding stu- 
dents qualified for admission to graduate standing. A master’s de- 
gree, or equivalent graduate work is essential before beginning the 
Fellowship Program. 


Hughe 
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For both programs, typical areas of research and development to 

which fellows may be assigned while working for Hughes include: 

weapons control systems, infrared search and track systems, 

advanced propulsion systems...parametric amplifiers, masers, 

lasers, microwave tubes and devices, electron-tube and solid-state 

displays, semiconductor materials, antenna arrays, aerospace ve- 

hicles... plasma electronics; solid state, atomic, nuclear and aero- 

space physics; propagation, mechanics of structures, chemistry Creating a new world with ELECTRONICS 
and metaliurgy...systems analysis, human factors analysis, net- 

work analysis and synthesis... microminiaturization, communica- 
tions, data processing, information theory, simulation. 


The classified nature of work at Hughes makes American citizenship : HUGHES : 
and eligibility for security clearance a requirement. del 


Closing date for applications: January 15, 1961. 


How to apply: To apply for either the Howard Hughes Doctoral 
Fellowships or the Hughes Masters Fellowships write Dr. C. N. War- 
field, Educational Relations, Hughes Aircraft Company, Culver City, 
California. 


HUGHES AIRCRAFT COMPANY 
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Editorials... 


“Which activity should I 
choose?” For the engineering stu- 
dent interested in journalism, busi- 
ness, photography, or art work, the 
Cornell Engineer provides an ideal 
answer. The magazine offers its 
staff members innumerable oppor- 
tunities to learn and to create, and 
serves their non-technical as well 
as their technical interests. While 
on an Engineer board, the mem- 
ber will extend his knowledge be- 
yond his own curricular study to a 
share in the latest scientific and en- 
gineering developments. Through 
association with professors and 
other students, he will view the 
many colors of the engineering 
spectrum and observe how they 
blend to produce today’s tech- 
nology. 

One of the most important skills 
a young engineer can acquire is 
that of self-expression. Ideas, no 


THE ENGINEER INVITES YOU... 


matter how clever, can be of no 
benefit unless they are communi- 
cated, Although the graduating en- 
gineer may be well qualified to 
solve problems in his field of study, 
his curriculum has not trained him 
to set these solutions forth to 
others in a clear and concise man- 
ner, To those who wish to develop 
their expressive ability, the Engi- 
neer offers the opportunity in its 
editorial training program. Staff 
members find practice in writing 
and editing a valuable aid to logi- 
cal and precise thinking, and con- 
sequently an asset both in the 
classroom and later in the indus- 
trial world. Experience gained in 
the Engineer office also helps the 
student learn principles of good 
business practice and management. 

In addition to these immediate 
benefits, staff members may also 
discover new career possibilities 


open to their consideration. The 
field of engineering journalism 
needs young engineers to help in- 
dustry keep informed of the most 
modern developments through 
technical magazines. Careers in 
management await graduates with 
engineering training and business 
experience. Qualities of leadership 
and cooperation learned in Engi- 
neer work will prove useful in any 
phase of the profession. 

The Cornell Engineer invites all 
who are interested to visit our of- 
fices and meet our board members. 
Competitions, starting soon, will 
be open to all freshmen and up- 
perclassmen throughout the fall 
term. We are certain that those 
who complete our training pro- 
gram will find staff membership a 
rewarding and enjoyable experi- 
ence. — M.A.H. 


Activities at Cornell provide one 
of the best additions to an educa- 
tion. Most of us will remember 
what we have learned in our ac- 
tivities long after the courses are 
forgotten. They offer the student 
many opportunities to broaden and 
develop himself not found in the 
curriculum. He may, for example, 
develop leadership talents or an 
active imagination. He will learn 
how to deal with people and will 
find a much needed relaxation 
from his studies. 

Nowhere in the Cornell cata- 
logue can we find a course which 
will teach the student the art of 
being a leader. This just can’t be 
taught with books or in a class- 
room situation, partially because 
the teacher must always maintain 
the position of leadership, It is an 


ACTIVITIES—A PART OF EDUCATION 


art developed through experience, 
and experience is precisely what 
the activities, fraternities, and 
some of the living units offer, In 
each of these there is always a job 
to be done, a project to be under- 
taken, or enthusiasm to be encour- 
aged. This takes leadership—lead- 
ership which is encouraged and 
solicited from each member. Most 
activities expect each member to 
hold a position or office of re- 
sponsibility during his member- 
ship. And, due to graduation and 
the rapid membership turnover, 
everyone gets his chance. All make 
mistakes, but through these they 
learn. 

Imagination is one of the most 
valuable assets of an engineer, but 
if it isn’t challenged it declines, It 


is too bad that the courses don't 
provide more challenge to the 
imagination, but the student will 
encounter this challenge in activi- 
ties. These organizations always 
need new ideas because if one be- 
comes stagnant it ceases to receive 
support and dies. Their life is con- 
stant change, and every member 
must contribute. 

Beside these two most important 
qualities the student will gain vari- 
ous technical skills depending 
upon what activity he joins. He 
will gain a wider viewpoint in 
many ways and increase his con- 
tacts with the faculty on an in- 
formal basis. And he will be able 
to get away from the books for a 
few hours and participate in the 


good times enjoyed by all. — R.T.F. 
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Editorial 


Interstellar Space Flight 
by John W. Hughes, EP ‘64 


Heating Problems of Re-entry Vehicles. 
by Robert L. Kaplan, EE ‘64 


The Development of the Slide Rule... 
by Gary M. Mills, Arts ‘63 


Operations Research and the Industrial Engineer 


by David S. Kessler, ME ‘62 


Faculty Profile: Professor Orval C. French 


President's Message . . 
Alumni Engineers 
College News . . 


Exhibit Celebrates Sperry Centennial 
by John W. Hughes, EP ‘64 


Research at Cornell: Professor Rosson Heads High Voltage Lab 


Fifty Years Ago in the Engineer . 55 


COVER This is an artist's conception of a nuclear-powered space ship. With the advent of 
advanced propulsion systems, with highly-improved specific impulse, a space journey 


for $3 a pound would be possible. 
Martin Company 
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preferably... 
a big FISH in the right-sized STREAM 


O 


We've been told frequently that engineering graduates are attracted to a 
company our size because of an honest and understandable desire to be 
“a big fish in a little pond’’. Perhaps others prefer to think of the future as 
the challenge of “swimming up-stream”. 

We believe that Sikorsky Aircraft is actually the “right-sized stream” for 
young engineers who would enjoy diversified, small-group activities, as 
well as stature opportunities in a field that is not limited nor professionally 
confining. Sikorsky Aircraft is the company which pioneered the modern 
helicopter; and our field today is recognized as one of the broadest and most 
challenging in the entire aircraft industry. 

Because of this, we can offer stimulating experiences in an ideal environ- 
ment. Work associations could include joining an eleclronic team of twenty 
to thirty associates—or—working with a highly selective group of four or 
five on interesting problems of radialion, instrumentation, auto pilolage, 
automatic stabilization, etc. 


And what of your future? 


That, of course, involves your own potential for growth. As 
a far-sighted company, we're more than willing to help you 
meet the challenge of “going up-stream”™! 


For factual and detailed information 
about careers with us, please write to Mr. 
Richard L. Auten, Personnel Department. 


SIKORSKY AIRCRAFT 


A> 
_- DIVISION OF UNITED AIRCRAFT CORPORATION 


STRATFORD, CONNECTICUT 
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How to advance through lateral movement 


HE LATERAL PASS is a perfect example of how to 
‘i ahead by first going sideways. And lateral 
movement is a philosophy we use at Koppers. 

Here's how it works. Let’s say you’re a new em- 
ployee at Koppers. We give you a specific assignment. 
You find it exciting, challenging. You do a good job. 
But do we leave you there? Not at all. Once you 
understand that particular operation, we try you on 
a different assignment. Here, again, you'll find the 
work new and stimulating. 

You'll never be buried at Koppers. You'll never 
stand still intellectually. Moving from one operation 
to another, you'll move ahead. Your assignment 
won't be to learn just a job, but many jobs. Your 
compensation? Advancement, responsibility, success. 

Your youth won't be held against you. Neither 
will short tenure. If you have the ability and the 
desire to get ahead, you'll move fast! Our system of 
continuous appraisal and evaluation is your guar- 
antee of that. 


OCTOBER 1960 


Koppers is so widely diversified that you can al- 
most name your job. Want to work with chemicals, 
jet-engine sound control, plastics, sintering plants, 
wood preservatives, road surfacing materials, elec- 
trostatic precipitators? Interested in research? Pro- 
duction? Sales? These are only a few of the fascinat- 
ing opportunities at Koppers. 

Why not find out how you can fit into the Koppers 
picture? Write to the Personnel Manager, Koppers 
Company, Inc., Room 230, Koppers Bldg., Pitts- 
burgh 19, Pennsylvania. Or, see your College Place- 
ment Director and arrange an appointment with a 
Koppers representative for the next recruiting visit. 


KC PPERS 
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On the riddle of 
rolling friction 


General Motors is pioneering research into the mystery of energy losses in the rolling ball. With a unique 
measuring device (above), investigators have not only confirmed the hypothesis of how a rolling ball loses 
energy (Answer: elastic hysteresis), but have also learned where this lost energy is dissipated (Answer: 
in the interior of the material, not on the surface). 


The effectiveness of automation depends upon the ingenuity of the scientist and engineer. If 
you are about to begin a career in the field of technology you'll benefit yourself by working 
where ingenuity and enthusiasm pay off. At General Motors they do, and in a big way. 
What is your main interest? GM’s diversification covers many fields. Automotive research, 
production engineering and manufacturing, electronics and astronautics are just a few. With 
so many and varied divisions, GM can offer men who qualify the choice of specialization or 
the opportunity to work on vastly different projects. 

If you are an undergraduate, or if you are working on a postgraduate degree, GM has a 
financial aid program that you should look into. For complete information, write to General 
Motors, Personnel Staff, Detroit 2, Michigan. 


GENERAL MOTORS 


GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanica , Electrical, Industrial, Metallurgical, Chemical, 
and Ceramic Engineering * Mathematics + Industrial Design « Physics « Chemistry + Engineering Mechanics » Business Administration and Related Fields 
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Why college men 
choose careers 
with Du Pont 


Every year, several hundred new college graduates choose 
Du Pont. Many Masters and Ph.D.’s do, too. 


From time to time we learn from recent graduates the 
factors which led to their decision to join this company. They 
cite more than half a dozen reasons. Here are four of the most 
important: 


OPPORTUNITY AND RECOGNITION 


They were aware that college-trained beginners 
go right to work with men who have achieved. 


For example, research chemists work with individuals who've 
done successful research. New engineers work with pros, some of 
whom have designed new plants, or devised new manufacturing 
methods, or distinguished themselves in some other way. And other 
graduates, with B.A. or M.B.A. degrees, go to work with leaders 
who've been successful in Sales or Advertising or Treasurer's, or 
another of Du Pont’s many departments. 

They had been told —and rightly —that Du Pont rewards indi- 
vidual achievement. And they were eager to start achieving. 


RESEARCH CREATES NEW PRODUCTS; 
NEW PRODUCTS CREATE NEW JOBS 


Men like working for a company that believes in 
research, enough to invest in it... $90 million a year! 

The fact is that important new products come from Du Pont 
laboratories and go to Du Pont manufacturing plants with frequency. 

Here are but a few since World War II: “Orlon”* acrylic fiber 
followed nylon (soon after the war). Then came “Dacron”* poly- 
ester fiber, “Mylar”* polyester film, “Lucite”* acrylic lacquer and 
“Delrin”* acetal resin. 

These, and many others, have created thousands of new jobs...in 
research, manufacturing, sales . . . in fact, in all Du Pont departments, 


DU PONT BACKS EMPLOYEES WITH HUGE INVESTMENT 
New graduates feel that every facility is provided for doing the job well. 
Last year, DuPont's operating investment per employee was 
$32,500. Since much of this was expended to provide the most 


modern and best of equipment to work with, it further increases 
the chance for individual achievement. 


This applies to men in lab, plant and office. 


DUPONT PROVIDES STEADY EMPLOYMENT 
Career seekers appreciate the importance of security. 
Today, the average annual turnover rate at DuPont is less 
than one-third that of industry nationally. 


These, and many other reasons, draw new talent to Du Pont each year. 
Prospective graduates, M.S.’s and Ph.D.’s interested in learning 
more about job opportunities at Du Pont are urged to see their Place- 
ment Counselor, or to write direct to E. I. du Pont de Nemours & Co. 
(Inc.). They should tell us the course they are majoring in so we can 
send literature that is most appropriate, 
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Earth’s resource limitations may lead man to 


INTERSTELLAR SPACE FLIGHT 


Speculation on the subject of 
manned journeys to other solar 
systems, formerly exiled to the 
realms of science fiction, has be- 
come a matter for the scientific 
journal, Although the vastness of 
“deep space” is beyond compre- 
hension, travel to the stars is more 
than fantasy, however filled with 
unknowns it is at present. We now 
possess the basic requirements of 
space flight—engineering skill and 
the pioneering drive. Within a 
matter of decades we shall have 
reached the boundaries of our solar 
system. What opportunities, 
mysteries and dangers will con- 
front us when we then venture 
into interstellar space? 


Necessity for Space Travel 

An indisputable fact is that the 
earth will someday be incapable of 
sustaining human life. This will 
probably occur because of the 
gradual “burning out” of the sun, 
although a random collision with 
another celestial body, such as a 
planet-sized meteor, is possible. 
While the probability of the oc- 
currence of such an event will re- 
main small for several million 
years, the fact remains that we 
must eventually leave the earth 
and seek a similar environment 
beyond our solar system. Because 
a majority of the stars can be ex- 
pected to possess systems of 
lanets, at least some of the many 
Pullions of planets should approxi- 
mate the conditions found here on 
Earth. Thus, our drive for self- 


High-thrust missiles such as this liquid- 
fue Atlas will be used to overcome 
the earth's gravitational field and atmos- 
phere. The interstellar gy of the jour- 
ney will then be made by ionic or other 

high-velocity thrust space-craft. 
General Electric 
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preservation could bring about ex- 
pansion by way of the stars. 

Eventually mankind must face 
the overpopulation of the earth 
and the exhaustion of our nat- 
ural resources, Unless a system of 
voluntary “depopulation” is de- 
veloped, we will be forced to 
colonize extra-terrestrial regions. 
This could be accomplished by 
huge “space-transports” reminis- 
cent of the colonization of America 
by the early settlers from Europe. 

Perhaps the greatest incentive 
to interstellar flight is man’s in- 
herent instinct to probe unknown 
places and things. Even in a so- 
ciety characterized by the ho- 
mogenizing tendencies of indus- 
trial progress, there are still many 
who possess the desire to leave the 
confines of earth, 


Nature of the Universe 


The greatest obstacle to inter- 
stellar flight lies in the colossal dis- 
tances involved, As more powerful 
telescopes come into use, the 
boundaries of the universe are 
pushed farther and farther away, 
with no end in sight. Some of the 
galaxies which our telescopes re- 
ceive light from today gave off the 
light millions of years ago. Our 
sun's nearest neighbor, Proxima 
Centauri, is over four light years 
away. A_ spaceship theoretically 
traveling at the speed of light would 
take at least four years to make 
the trip. Many stars in our own 
galaxy would take hundreds of 
years to reach, 

A further complication, at least 
to intergalactic flight, is that the 
galaxies seem to be moving away 
from each other at tremendous 
speeds. Much scientific interest has 
been generated by Dr. Thomas 
Gold, of Cornell's Space Center, 


who believes that the universe is 
in continual balance, and that it ex- 
pands outward as creation pro- 
ceeds at its center. He also espouses 
the idea that life on this planet 
evolved from the microbes left by 
some unknown “spacemen” who 
visited the earth eons ago, and that 
we will continue the cycle, spread- 
ing life to other planets of the uni- 
verse. 

An interesting facet of space 
flight may be the forms of life that 
we find on other planets. We may 
find a multitude of sociological, 
moral and ecological problems 
when we contact an alien form of 
life, particularly if this form is 
superior to us. Many scientists have 
suggested that the only means of 
communication available will be by 
elementary geometric forms, such 
as right triangles and circles. In 
addition, space travelers who come 
upon an alien planet which is 
evolutionarily younger than the 
earth might find themselves in the 
midst of mentally less-developed 


beings such as dinosaurs. 


Space and Relativity 

Since the speed of light is the 
theoretical upper limit to the speed 
of a spaceship, much controversy 
has centered on the probabilities of 
achieving semi-optic speeds. Some 
scientists even believe that we 
could reach this goal within the 
next hundred years, with the aid of 
photon or ionic propulsion systems. 
If man were traveling near the 
speed of light he could visit other 
stars and return to Earth within his 
lifetime. 

Relativistic and not classical 
laws govern the flight of a space- 
ship. Classical theory states that a 
rocket ship traveling at velocity V 
which receives an additional vel- 
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ocity V’ would have a final vel- 
ocity of V + V’. Relativistic theory, 
however, states that 
V+vy’ 
final = V+ vv 


Thus a vehicle moving at 0.9¢ 
(c = speed of light), and given 
an increment of 0.le would have 
a resultant velocity of less than 
(.918c, to be exact). 

In addition, as we approach the 
speed of light, several complica- 
tions are introduced. One, as stated 
in the Lorentz Transformation, was 
discovered by Hendrik Lorentz, a 
Dutch physicist. Based on elec- 
trical and magnetic laws, it asserts 
that the length of a body with 
initial length L’ decreases with 
increasing velocity: 


(L = relative length 
of the body in motion) 
Thus ¢ is the upper limit for vel- 
ocity, for at c the length equals 
zero. He also stated that a body 


theoretically approaching ¢ would 
have a mass approaching infinity, 
or 


n= m 

1 — V? 

= relative mass of 

moving body 

m’ = initial mass 
Another effect of near-optic 
speeds is the time-dilation et 
This states that the interval of time 
experienced by an observer in a 
fixed coordinate system will be 
greater than that experienced by 
an observer in a moving spaceship. 
The relationship between the two 
quantities will bollow the same pat- 

tern as that between m and m’. 


Escape and Propulsion 

Before concerning himself with 
the problem of space navigation, 
man will have to free himself of 
the earth’s, and then the sun’s, 
gravitational fields, 

Thrust, F, is given by the formu- 
la: 


American Arma Corp. 


This “Solar Wind Ship” is driven by the sun’s radiation which is harnessed by the 


aluminum coated plastic sails, several miles in diameter. In the center of the sail is the 
hull, which can revolve in any direction and thus provide artificial gravity for the crew 
same time act as a stabilizing gyroscope. In the 


and at the 


astronauts enters the small ferry rocket towed behind the ship. 
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where u equals the exhaust vel- 
ocity of the vehicle and dm/dt 
equals the mass exhaust flow of 
propellant, The thrust potential of 
a method of propulsion is ex- 
pressed in terms of the specific im- 
pulse, which is the thrust in pounds 
supplied per pound of propellant 
consumed. 

Chemical propulsion, used ex- 
tensively in modern rocket systems, 
will probably be used only for at- 
mospheric or interplanetary fiight, 
due to its low specific impulse 
(200-400) and the weight of fuel 
that must be carried, 

Atomic fission has been the most 
frequently proposed propulsion 
medium for spacecraft. The 
specific impulse of nuclear- 
powered craft would range from 
500 to 1,000. In such a system, the 
heat from the atomic reaction is 
used to heat the exhaust gas, which 
will probably be either hydrogen 
or methane. However, severe 
radiation hazard would threaten 
the crew, and heavy shielding or 
isolation of the nuclear reactor 
would be necessary. Fusion reac- 
tions would give off a great deal 
more energy than fission, but 
would also require extensive 
shielding. 

For crossing intersteller space, 
where low thrusts and high ex- 
haust velocities are desirable, the 
ion rocket has been proposed. Its 
principle involves the acceleration 
of ions in a preordained direction 
by an electrostatic field. The ions 
are produced by subsequent vapor- 
ization and ionization of the pro- 
pellant, and they leave the ioni- 
zation chamber at extremely high 
speeds, 

Other proposed systems of pro- 
pulsion are the photon and the 
anti-gravity methods. Photon 
rockets will be powered by beams 
of light produced by a high tem- 
perature working fluid. Since the 
light will leave the ship at a vel- 
ocity equal to c, the spaceship can 
be expected to travel at fairly high 
fractions of c. Gravity-propelled 
rockets will work on the principle 
of neutralizing the force of gravity. 
Spontaneous accelerations to in- 
finite speeds are then theoretically 
possible. 

Combinations of these propul- 
sive systems have also been 


posed. In one such proposa 
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CESIUM 


"ION RESERVOIR" 


FOCUSING MAGNETIC 
FIELD 


"1ONIZER" 


ACCELERATING 


ELECTRODES 
Andy Morris 


An “ion accelerator” for use with ion-propelled space ships. 


chemical or nuclear system would 
provide the thrust necessary to free 
the ship from the sun’s ested 
tional field, and ionic or photonic 
propulsion would supply the semi- 
optic velocities needed for inter- 


stellar flight. 
The Spaceship 


The successful design of a space- 
ship will entail considerations of 
both technical requirements and 
human frailties. Low weight and 
great strength are important pro- 
pulsive considerations. Shields or 
outer shells may be utilized to cope 
with the dangerous problem of 
meteors. Delicate instrumentation 
will be charged with the duty of 
running the ship in case of human 
inabilities, especially on long voy- 
ages when man may fail to adjust 
to the environment found on a 
space vehicle. For example, com- 
munication with our solar system 
from distances of many light years 
may be impossible for a spaceship 
to achieve. Even powerful trans- 
mitting devices could fail to pierce 
the wall of galactic interference. 
And, provided they could, it might 
take years to get an answer. 

The science of “ space medicine”, 
which deals with the reactions of 
the human organism to an alien en- 
vironment, has achieved consider- 
able progress in recent years. The 
use of os for food and oxygen, 
and the reclamation of useful ele- 
ments from bodily waste have been 
objects of much experimentation. 
In gravitation—less space artificial 
gravity can be creat ed by spinning 
the spacecraft about its axis. The 
resultant centrifugal force gives a 
feeling of weight to objects within 
the ship. Of course, the axis of the 
ship will be the “up” direction, and 
the floors will be curved in a di- 
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rection parallel to the axis. 

A number of other ideas, often 
fantastic, relating to the problems 
of spaceflight have been formu- 
lated by astronautic experts, 
science fiction writers, and others. 
To overcome the time barrier in- 
volved in long flights, suspended 
animation of the entire crew dur- 
ing flight has been proposed. An- 
other idea is “generation travel”, in 
which a miniature society would 
be transported on a generations- 
long journey into space. Of course 
sociological problems would stem 


point. This in turn drives an ion 


from the fact that whole gener- 
ations would have to spend their 
entire lives on the spaceship. How- 
ever, as research continues we may 
find answers to these and other 
problems, particularly if science 
can prove Einstein wrong and can 
surpass the speed of light. 

The importance of interstellar 
flight will increase in the years to 
come as man’s curiosity drives him 
farther and farther into the uni- 
verse, The difficulties, technical 
and otherwise, will greatly surpass 
those which he experiences on 
earth. However, a short four hun- 
dred years ago the greater part of 
our earth was undiscovered, and 
the stars were considered mere 
ornaments on the “celestial vault”. 
Who can say what man, aware of 
the challenge of the stars, can 
achieve in the years to come? 
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American 
“Cosmic Butterfly” attempts to absorb solar energy by a number of fifty-foot 
i mirrors which concentrate the sun mi Fo on a boiler located at the focal 


uses cesium as the propellant. 
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The successful re-entry of a mis- 
sile into the atmosphere is, without 
a doubt, one of the biggest sources 
of the problems facing missile 
scientists today. 

A missile is composed of a nose 
cone and a booster system. The 
nose cone is accelerated by the 
booster system to a given velocity 
and altitude in space. At this point, 
it separates from the booster, fol- 
lows a ballistic trajectory through 
space, and re-enters the earth's at- 
mosphere at a speed of about 14,- 
000 miles per hour. The exact angle 
and velocity at which it re-enters 
are dependent upon the required 
range and trajectory. The design 
of the nose cone depends almost 
entirely upon the conditions it will 
encounter during the re-entry 
phase. 

To see how it is possible for a 
nose cone to re-enter the atmos- 
phere and survive the plunge, we 
must consider two problems. The 
first of these is how to obtain 
maximum reduction of heat dur- 
ing the re-entry ey and the 
second is how to handle the heat 
that is unavoidably generated dur- 
ing this period. 


Blunt Nose Cones 

Reducing the heat caused by at- 
mospheric friction is one of the 
most important problems in the de- 
sign of any re-entry vehicle. The 
first major breakthrough in the re- 
entry problem was made five years 
ago in tiie laboratories of the Na- 
tional Advisory Committee for 
Aeronautics. The discovery, made 
by Dr. Harvey Allen, was that a 
blunt nose cone will reduce the 
heat input to any vehicle entering 
the atmosphere at a high velocity. 
Dr. Allen's studies began with an 
analysis of the velocity and decel- 
eration of a missile entering the at- 
mosphere. A blunt body starts de- 
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Missile designers seek solutions of 


HEATING PROBLEMS OF 
RE-ENTRY VEHICLES 


by Robert L. Kaplan, EE °64 


celerating sooner than a_sharp- 
nosed body. This is because the 
blunt or rounded body offers more 
resistance to the air and is slowed 
down very quickly, while the 
streamlined body would go plung- 
ing on toward the earth. The 
blunt-nosed object, therefore, 
reaches its peak deceleration at 
high altitudes, where the atmos- 
phere is greatly rarified. This re- 
gion of peak deceleration is 
roughly the same region where 
maximum heating occurs. Because 
the air is rarified, the friction 
caused by the re-entry vehicle 
moving swiftly through the air is 
reduced tremendously and, as a 
consequence, not as much heat is 
generated, 

Perhaps the most important 
characteristic of a blunt nose cone 
is that it contains more surface 
area than a pointed cone. The 
maximum heat that reaches a mis- 
sile, called the peak heat flux, is a 
function of the ballistic parameter. 
For our needs, the ballistic param- 
eter equals the weight per unit 
front area. For nose cones made of 
the same material, as the front area 
gets larger, the ballistic parameter 
becomes smaller. A low ballistic 
parameter produces a low peak 
flux and less heat is able to be 
transfered to the vehicle’s nose 
cone. The sharp-nosed cone will 
therefore reach a higher tempera- 
ture than the blunt nose cone be- 
cause in the blunt cone, the same 
amount of heat is spread over a 
larger area. 

A blunt or rounded nose cone 
entering the atmosphere will cause 
a shock wave to be repelled or 
bounced off the rounded front sur- 
face and away from the rest of the 
vehicle. During the test of a Mer- 
cury capsule, typical of a re-entry 
vehicle, it re-entered the atmos- 
phere traveling at 14,000 mph. 


The blunt shape of the heat shield 
plowing into the atmosphere slowed 
the missile to approximately 500 
mph, a reduction to almost 1/30 
the original speed, in only two 
minutes. As a rule of thumb, the 
heat flux increases or decreases as 
the cube of the velocity. Thus, the 
heat flux was diminished to (1/30)* 
the original amount. A_ large 
amount of this diminished heat 
goes along with the shock wave 
and the re-entry vehicle requires 
less protection for heating. 


Flat Approach Angle 

The heating of a re-entry vehicle 
may also be reduced by using flat 
approach angles. When a re-entry 
body comes down on a flat ap- 
proach angle, it curves seudale 
earth only slightly and takes a long 
time to reach the ground. The bi 
advantage of the flat 
angle is that the heat input is 
spread over a long time interval. 
Thus, any area receives less heat 
per unit time, and this gives the 
nose cone sufficient time to absorb 
and store the heat without soften- 
ing or melting. 

No matter how effectively the 
transfer of heat is reduced, a large 
amount of heat, on the order of ° 
thousands of B.T.U.’s, will still be . 
transferred to the nose of the re- 
entry vehicle, Under ordinary cir- 
cumstances, this heat is high 
enough to soften and melt be 
nary materials. This is why re-entry 
objects, such as meteors, burn and 
disintegrate long before they reach 
the surface of the earth. Methods 
and materials must therefore be 
devised that can handle these high 
temperatures. 


Heat Sink Method 


The first method of handling the 
heat created by a body re-entering 
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the atmosphere is known as the 
heat sink method. The principle of 
the heat sink nose cone is the ab- 
sorption and storage of heat by the 
nose cone surface. A good heat 
sink material must have high heat 
capacity and a high thermal con- 
ductivity. High thermal conduc- 
tivity is necessary so that the heat 
can be carried away from the sur- 
face of the nose cone before the 
surface temperature builds up to 
the melting point. All materials 
have limited heat capacity and 
rate at which they can conduct 
heat. The heat sink problem is to 
find a light material which can ab- 
sorb a large quantity of heat while 
remaining structurally sound. 

The National Advisory Commit- 
tee for Aeronautics subjected four 
classes of materials to these speci- 
fications. The first class to be sub- 
jected were the heavy ductile ma- 
terials, such as copper. These 
materials were found to have the 
advantageous qualities of high 
thermal conductivity, not too low 


a melting point, and low specific 
heat. Low specific heat means that 
it takes a large quantity of heat to 
raise the temperature of the ma- 
terial, Copper does have one draw- 
back; it is quite heavy. In spite of 
this, it has so many good qualities 
that it was judged, for the present, 
the best material of all the classes 
tested. 

The second group of materials 
tested are known as refractory 
metals, Inconel-X is the outstand- 
ing example of this group. In- 
conel-X has a very high strength- 
to-weight ratio, Unfortunately, the 
refractory metals were judged to 
be completely unsatisfactory be- 
cause of their very low rate of 
thermal conductivity (the heat 
wouldn't spread out quickly and 
evenly). The Inconel-X surface 
would reach its melting point while 
the rest of the material had ex- 
perienced practically no tempera- 
ture rise, and the surface would 
begin to melt. 

The third group of materials 


tested were the lightweight metals, 
such as beryllium. Beryllium was 
found to have, perhaps, the best 
potential of all the metals tested. 
It is considered excellent because 
it has all the favorable properties 
of copper, and in addition has a 
high strength-to-weight ratio, dis- 
tributes the heat well, and is supe- 
rior to copper in terms of weight. 
The use of beryllium would result 
in a sixfold saving of weight as 
compared with copper. On the 
other hand, beryllium is highly 
toxic, brittle, and extremely Tithe 
cult to form into the large sections 
necessary for a nose cone. Forming 
of beryllium into large sections has 
proved so difficult and so time con- 
suming that it has rendered beryl- 
lium, for the time being, impracti- 
cal for use in quantity orders of 
nose cones. A beryllium heat sink 
has been forged for the Mercury 
Astronauts, but this heat sink is 
only a test model. 

The fourth class of materials 
tested by the NACA were the 


Official USAF Photo from UPI 


An ablative nose cone holding the life support and recovery capsule for the Discoverer satellite program. 
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Discoverer XIII satellite nose cone: The blunt shape of this ablative heat shield was 
an important prerequisite for the successful recovery of this historic nose cone. 


semi-metals, Graphite (carbon) is 
the material in this group offering 
the most promise. The use of 
graphite in a nose cone would re- 
sult in a huge saving weight, as it 
weighs only 1/24 as much as cop- 


per. Also graphite has a unique 
property in the high temperature 
field. Its strength increases with in- 
creasing temperature until it has 
almost doubled at about 4,300 de- 
grees Farenheit. In spite of this 
property, graphite, in comparison 
with copper or steel, still has low 
strength. A graphite surface would 
probably have to be protected 
with anti-oxidation coatings in 
order to minimize graphite’s ten- 
dency toward oxidation. 

The copper heat sink re-entry 
vehicle has been successfully flight 
tested over a wide range of re- 
entry conditions. The data capsule, 
in which test conditions were re- 
corded on tape, has survived water 
impact and has been recovered in- 
tact from a large number of 
flights. The development of the cop- 
per heat sink nose cone has been 
justified by these flight tests. Local 
surface melting has not occurred 
and internal components received 
their necessary thermal protection. 

For a heat sink to be effective, 
there must be no surface scratches 
or pits. These defects will inter- 
rupt the laminar, or smooth, air 
flow over the nose cone and cause 
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the air flow to become turbulent. 
A turbulent air flow is a much bet- 
ter conductor of heat than a lami- 
nar flow and will conduct too 
much heat to the vehicle. There- 
fore, the use of heat sink designs 
for long range missiles requires 
considerable attention to manufac- 
turing tolerances, and close toler- 
ances mean great expense. 

Although it is possible for a nose 
cone to absorb more heat by add- 
ing to the thickness of the heat 
sink, this additional weight soon 
becomes prohibitive in terms of 
takeoff weight. The additional 
weight could be put to better use, 
such as for more fuel or a heavier 
payload. Heat sinks have a limita- 
tion in that they can conduct heat 
away from the exposed surface 
only so fast. If the heat isn’t con- 
ducted into the interior rapidly 
enough, catastrophic melting oc- 
curs. The heat sink acts as a large 
reservoir where heat can be con- 
ducted, but it is a reservoir with a 
limited capacity. 


Ablation 


To satisfy the requirements of 
less weight and lower cost of 
thermal protection, a new approach 
was needed and ablation was the 
answer. The principle behind abla- 
tion is simply that a material will 
absorb heat as it changes from one 
physical state to another. A ma- 


terial will thus absorb a large 
quantity of heat from the sur- 
rounding material as it melts and 
then vaporizes. 

The major problem was to find a 
light material which could be fab- 
ricated easily and would heat 
evenly, If the material didn’t heat 
evenly, it would vaporize more on 
one side, causing that side to be- 
come lighter. By having an unbal- 
anced weight, the vehicle would 
not go straight to its target. 

Unlike a heat sink material, 
ablative material should have very 
low thermal conductivity. This is 
necessary so that the surface tem- 
perature can build up to the melting 
point and vaporize while the ma- 
terial just below the surface will 
remain comparatively cool and will 
retain its structural strength. 

Of immediate interest for abla- 
tion work is the group of polymer 
systems commonly referred to as 
reinforced plastics, For very short 
periods of time (calculated in sec- 
onds ), reinforced plastics have the 
ability to withstand temperatures 
above 5,000 degrees Fahrenheit. 
One manufacturer claims to have a 
plastic that has withstood more 
than 10,000 degrees Fahrenheit. For 
comparison, the melting point of 
iron is about 2,700 degrees — only 
a fourth as much as the plastic. 
Plastics are also light, easy to fab- 
ricate, and are reasonably inex- 
pensive. The reinforced plastic re- 
entry will not ablate in the ac- 
cepted sense of the word. It will 
act more as a heat blocker than as 
a heat remover. As the plastic melts 
and then vaporizes its vapor will 
flow into the boundary ies of 
fast flowing air above the nose 
cone. By entering this layer, it will 
change the heat transfer coefficient 
between the two layers. As a re- 
sult, less heat can be transmitted to 
the missile, This alteration of the 
boundary layer is known as mass 
transfer. 

It was found that if Refasil (96% 
silica) were used instead of some 
of the other constituents of the re- 
inforced plastics, the new plastic 
was able to absorb three times as 
much heat for each pound ablated 
as previously. This is about 40 
times better heat absorption per 
pound than copper. The ncuaitle 
properties of such a laminated 
glass-resin ‘ype of ablation heat 
shield include high liquid viscosity 
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at high temperatures, low thermal 
conductivity, good thermal stress, 
and high energy of evaporation. 
Upon melting, the viscocity must 
be very high to prevent the 
liquid from being blown away. 

Much work must still be done 
to perfect ablative techniques and 
materials. The next logical step in 
the development of superior abla- 
tive materials is the study of cer- 
tain additives, such as carbon, to 
produce even lower thermal con- 
ductivity and lower thermal ex- 
pansion without any serious loss of 
ablative resistance. 


Fluid Cooling 


The final method of cooling a 
re-entry vehicle is by the use of 
fluids, There are two types of fluid 
cooling. The first is called “sweat” 
cooling. In this process, a fluid, 
such as water, is see out of the 
pores of a nose cone, The fluid 
would boil because of the high 
temperature of the nose cone. 
When water, or any other liquid, 
boils, the heat necessary to raise 
its temperature to the boiling point 
is removed from the surface in 
contact with it (in this case, the 


nose cone) and would consequent- 
ly lower the temperature of this 
adjoining surface. 

The second type of fluid cooling 
is called regenerative cooling. A 
fluid is circulated within a jacket 
of pipes located just beneath the 
cone’s surface. The fluid absorbs 
the heat transmitted to it. Both 
these processes have their limi- 
tations. Whether the fluid could be 
moved fast enough to do the job, 
and whether the weight of this 
equipment, including the weight of 
the fluid, might not weigh more 
than would the material required 
for some other means of protection, 
are questions which must be con- 
sidered in the design of the cone. 

In conclusion, the heating prob- 
lems of a re-entry vehicle appear 
to be solved. Perhaps the final 
proof was offered a few months 
ago when it was announced that 
the final design of the nose cone 
capsule for the Mercury Astro- 
nauts had been chosen, and the 
first flight of man into space, pro- 
tected and housed in a nose cone 
of the heat sink variety, will take 
place in the summer of next year. 
The time, money, and energy spent 


on solving the re-entry problem 
were surely great, but the rewards 
of this research will, without a 
doubt, prove to be far, far greater. 
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Famous mathematicians contributed to 


THE DEVELOPMENT OF THE 


Engineers today make constant 
use of a slide rule. Yet few of them 
understand its theory and still 
fewer, its history. 


Long History 

With early number systems, 
computation was difficult. There- 
fore it is not strange to find that a 
number of devices to aid computa- 
tion were invented by the ancients. 
Many of these devices with slight 
modification are used widely today. 
Some of the first aids were various 
tables, such as the multiplication 
table and tables of squares and 
cubes. These tables, seen every- 
where today, were used by the 
Babylonians more than 4000 years 
ago. 

But by far the most important 
device for mechanical computa- 
tion prior to the slide rule was the 
abacus. In the hands of a skilled 
operator, the abacus is as efficient 
as the most modern adding machine. 
Most of our meters for measuring 
gas, electricity, and water are me- 
chanical adaptations of the abacus. 
Even almost all of our rather com- 
plex computing machines, so wide- 
ly in use today, are highly devel- 
oped mechanical abaci. 

Into this list of early devices 
would fall such helpful tools as 
proportional compasses, Galileo's 
sector compass, early surveying in- 
struments (e.g. plane table and 
quadrant), and many more. Then 
came the giant of all mathematical 
inventions, logarithms, and with 
logarithms, the slide rule. 


Invention of Logarithms 


John Napier, the inventor of log- 
arithms, was a man of many 
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SLIDE RULE 


by Gary M. Mills, Arts °63 


talents. He was born in 1550 near 
Edinburgh, and was educated at 
St. Andrew’s University. Early in 
his life he demonstrated his keen 
inventiveness by devising a type of 
submarine for his country’s fleet. 
Napier was also one of the first to 
use the decimal point in expressing 
decimal fractions in a systematic 
way, as in the modern system ~f 
decimal notation. 

However, Napier is noted popu- 
larly for none of the foregoing 
items. Rather, he is best known as 
the inventor of the first system of 
logarithms, described in his Can- 
onis Descriptio (1614). 

Henry Briggs, an English math- 
ematician who was a contempo- 
rary of Napier, proposed a modi- 
fication to Napier’s system. The 
Napierian logarithms are natural 
logarithms to the base e. Briggs 
proposed a system in which unity 
is taken as the logarithm of the 
ratio of 10 to 1, ie, decimal loga- 
rithms. Napier agreed and in 1617 
Briggs published the revised sys- 
tem. Even today, logarithms to the 
base 10 are known as Briggsian 
logarithms while logarithms to the 
base e are known as Napierian log- 
arithms. 


Evolution of the Slide Rule 

The slide rule, which almost im- 
mediately followed Briggs and 
Napier, differed from all the pre- 
vious computing instruments in 
that the slide rule had its basis in 
logarithms. Napier had published 
his work on logarithms in 1614. Six 
years later, Edmund Gunter made 
a logarithmic scale and used it for 
mechanical computation. To com- 
pute with his scale, Gunter used a 


pair of dividers instead of sliding 
one scale along a duplicate one. 
Ooughtred improved on Gunter’s 
method of manipulating the scales 
by laying two of Gunter's scales 
side by side. 

Ever since the time of these 
men, there has been a constant 
evolution of the slide rule, extend- 
ing over its history of more than 
three hundred and fifty years. In 
1630 came Delamain’s circular 
slide rule. In 1664 Bissaker in- 
vented a slide rule in which the 
sliding scale moved between two 
fixed elements, as in modern slide 
rules. It was thus more than thirty 
years after Gunter that the slide 
rule appeared somewhat like its 
present-day form, and nearly one 
hundred and fifty years after him 
that the runner or indicator was 
made a fixed part of it. 

The slide rule became quite 
popular for a time in England. At 
this time Sir Isaac Newton in- 
vented a method for solving cubic 
equations by use of three parallel 
logarithmic scales. Samuel 
in his Diary, considered the slide 
rule “very pretty for all questions 
of arithmetick.” These early slide 
rules, however, were usually poorly 
made and lacked many important 
features of the modern rules. Also, 
even when compared with today’s 
inflationary costs, the price of one 
of these early slide rules was ex- 
tremely high. 

In the seventeenth century, deci- 
mal fractions were not yet in gen- 
eral use, and the slide rule is of 
little value without decimal frac- 
tions. However after the metric 
system and extended use of deci- 
mals became common, more inter- 
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est in the use of slide rules was 
shown. In 1850 Lieutenant Mann- 
heim of the French army devel- 
oped the rule that bears his name. 
This became the standard rule in 
France and slowly increased in 
popularity in England and even 
in the United States. 

The United States has made sev- 
eral technical improvements on the 
slide rule. In 1891 an American 
company introduced an entirely 
new idea in slide rule construction 
which made it possible to have 
scales on the front and back sur- 
faces of the slide rules, and to have 
a double indicator that could refer 
to all scales simultaneously. 

Around 1900, to the basic C and 
D scales were added the folded 
scales CF and DF, and the in- 
verted folded scale CIF. These 
scales reduce considerably — the 
amount of manipulation and slide 
resetting needed for extended mul- 
tiplication and division. These 


scales were originally folded at 10, 
but they were later improved by 
folding them at pi. Pi can now be 
used as a factor without making a 
separate setting for this value. 


Growth of Popularity 

The first college in the United 
States to make the slide rule a re- 
quired part of its engineering cur- 
riculum was Washington Univer- 
sity in St. Louis, Missouri (in 
about 1880). By 1890 a number of 
schools were beginning to use the 
slide rule. Still the high cost of 
slide rules hampered their wide 
use in schools. It was a long time 
before there were any really satis- 
factory inexpensive rules, but there 
are now a number of them on the 
market. The lowering of the price 
has made possible the introduction 
of the slide rule into the high 
school. 

In high school, and even in col- 
lege, teaching of the use of the 


slide rule has caused much dif- 
ficulty. Since the slide rule is based 
on the decimal system of notation, 
it is necessary for slide rule stu- 
dents to have a thorough knowl- 
edge of decimal fractions and of all 
phases of computation with them. 
Some time spent in reviewing dec- 
imal fractions is therefore neces- 
sary before trying to teach slide 
rule usage. Some difficulty is also 
due to the fact that the slide rule 
is an instrument for rapid approx- 
imate computation. In all their pre- 
vious training, students have been 
accustomed to carry results to as 
many as six or eight supposedly 
significant figures. Because of this 
conditioning, they feel that the re- 
sults obtained by the use of the 
slide rule are not sufficiently accu- 
rate to be of much value. 


Make Your Own 

All inventions have underlying 
principles, and the slide rule is no 
exception. A simple slide rule is not 
difficult to make, and it will best 
illustrate the relation between log- 
arithms and the rule itself. It is 
easier to use a 10 centimeter scale 
than the usual 10 inch scale, be- 
cause metric measure is based on 
the decimal system. 

1) Draw a line 10 cm. (100 
mm.) long. 

2) Measure from the left a dis- 
tance corresponding to log 2. 
Since log 2 = .3010, the 
length is approximately 30 
mm. Mark the figure 2 at the 
end of this distance. 

Again beginning at the left, 
measure the distance corres- 
ponding to log 3. Since log 3 
~ A771, the length is 
imately 48 mm. Mark the fig- 
ure 3. 

Proceed with the other one- 
digit numbers as described 
above. 


5) To make this geometric com- 
putation easier, find log = and 
denote its position. 

6) Divide the distance between 
figures 1 and 2 into ten equal 
parts. These can correspond 
to logs 11 - 19. This is only 
an approximation, but on this 
small scale, the approxima- 
tion is within 1%. 

In the same manner make di- 
visions between 2 and 3, 3 
and 4, ete. 

Duplicate the work of steps 
1 — 7 on another appropri- 
ately sized piece of card- 
board. 

From the above directions, a 
simple slide rule can be made. 
These two workable scales are 
comparable to the C and D scales 
of the commercial slide rule. 

The value of the slide rule as a 
time saver in the solution of prob- 
lems cannot be overestimated. A 
single setting of the slide rule will 
give a result that would require a 
tedious multiplication, division, or 
other arithmetical operation. Two 
or three successive settings may 
give an answer that could be ob- 
tained only by a page of long- 
hand calculations. Unfortunately 
the slide rule remains a thing of 
mystery to many who would be 
benefited by a knowledge of how 
to use it. Yet there is no real mys- 
tery about it, and the methods by 
which it is used are simple and 
direct. 

The slide rule has proved to be 
a boon to engineers the world over. 
It has resulted in the emancipation 
of the scientist from the drudgery 
of time-consuming arithmetic com- 
putation. And to the ancient skep- 
tic who asked, “Is there anything 
whereof it may be said, ‘See, this 
is new’?” Napier, Gunter, Oough- 
tred, Mannheim and many others 
may answer, “The slide rule, the 
mechanical logarithm table.” 


Keuffel & Esser Co. 


When properly used, the slide rule can eliminate much of the time-consuming mathematics that slows down an engineer. 
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Greater efficiency, cost control are goals of 


OPERATIONS RESEARCH AND 
THE INDUSTRIAL ENGINEER 


During 1959, one of the nation’s 
largest and most progressive com- 
panies reorganized the engineering 
sections whose job it was to plan 
the manufacturing facilities of the 
company. As a result of this re- 
organization, a new department 
emerged. It was called “Industrial 
Engineering,” but in comparison to 
the former industrial engineering 
departments, the new department 
had a vastly broader function: 

“To investigate, evaluate and 
plan for decisive action; assist and 
direct other plant functions in the 
analysis, measurement, improve- 
ment and control of costs associ- 
ated with the total manufacturing 
system.” 

As for how the change affected 
various engineering personnel, the 
former “industrial engineer” never 
used a computer to solve problems. 
He was formerly located in the 
Materials Handling Department 
which, unlike his new department, 
had a very specific function. Where- 
as he previously used tried and 
tested principles, he now employs 
the latest mathematical techniques 
of a growing science, operations re- 
search. Contrary to being tried and 
tested, operations research tech- 
niques set precedents by a constant 
use of new applications of theory. 

This company is just one of the 
many firms, both large and small, 
that are torn between old philoso- 
phies and new trends. The new 
trend, one frequently discussed 
whenever industrial engineers 
gather at professional meetings, is 
the rapid absorption of operations 
research techniques into industrial 
engineering. This topic should be 
of interest both to the undergradu- 
ate who has a strong mathematical 
background together with a knack 
for attacking challenging schedul- 
ing and planning problems, and to 
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the alumni engineers who are am- 
bitious enough to delve into new 
aids to their work. 


History of Industrial Engineering 

Industrial engineering can be 
generally as the application 
of the engineering approach to all 
factors involved in the manufacture 
of products or services, But this 
definition does not attempt to de- 
fine the limits of industrial engi- 
neering. This is a source of con- 
fusion, both to students of business 
organization and to engineers. 

The origins of this confusion date 
back to the early 1900's when such 
famous engineers as Lillian Gil- 
breth, Frederick W. Taylor and 
Lawrence Gantt first laid down the 
principles of scientific manage- 
ment, a scientific study of business. 
From the very beginning there 
were ambiguities which translated 
themselves into overlapping func- 
tions. Part of the confusion and in- 
deed much of the adverse criticism 
resulted because of the term “sci- 
entific management.” 

In spite of the initial unpopular- 
ity, many people adopted this new 
profession. These professional men, 
engineers by training, called them- 
selves industrial engineers. The 
early concepts were a foundation 
upon which today’s industrial engi- 
neering structure was built. The 
areas of activity expanded and 
presently include those activities 
which are directly concerned with 
the effective use of mechanical ap- 
pliances and hence with their adap- 
tations to the human element, Ac- 
tivities range from plant and office 
layout through work methods and 
planning, the reduction of material 
and labor costs, simplification and 
standardization, to base-rate analy- 
sis and quality control.” Engineers 
working in all of these areas had a 


common objective: to seek ways of 
reducing production costs. 

The growth of the new profession 
was rapid. It was not long before 
new techniques such as charting 
devices and other visual aids were 
being devised. Such tools as flow 
process charts, operation process 
charts, man-machine charts and 
Gantt charts permitted qualitative 
analysis of industrial 

It was not until just prior to 
World War II that quantitative an- 
alytical methods were introduced. 

eir first uses included determin- 
ing economical lot sizes, standard 
data, and materials handling equa- 
tions. 

Even at the outset of World War 
Il, when statistical quality control 
and work sampling were first used, 
actual use of analytical methods 
lagged. Engineers and management 
were content to make decisions in 
an arbitrary manner, either by rule 
of thumb or by use of intuition or 
opinion. It was not until operations 
research analysts renewed interest 
and inspired confidence in analyti- 
cal techniques with successful war 
time applications that industrial en- 
gineers sat up and took notice. 


Operations Research 

What is operations research? 
How does it work, and just how ef.- 
fective is it? 

There are many definitions of 
O.R. in use today, but all center 
about the same idea—use of a sci- 
entific approach to solve industrial 
problems. Certain people might 
argue that this definition also de- 
scribes industrial engineering, but 
O.R. tries to go further. It tends to 
consider more facets of the prob- 
lems—to give the company a more 
effective overall solution. It search- 
es deeper for underlying causes and 
relationships. And it tries to relate 
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factors which never before could be 
considered quantitatively, A more 
effective overall solution—not very 
complimentary to industrial engi- 
neering. 

That O.R. does offer more effec- 
tive solutions is becoming less ques- 
tionable every day, as more and 
more successful applications are re- 

ted, Its use can be illustrated 
by the following example: Assume 
a group of mechanical engineering 
professors discovers a new method 
of mechanical design that results in 
more functional and economical de- 
signs. This group might very well 
be able to set themselves up as 
“functional analysts” specializing in 
the application of their new tech- 
nique. Then if a design problem 
arises, the functional analysts could 
be called. The ordinary mechanical 
engineer would be relegated to a 
position of secondary importance. 
In a similar manner O.R. tech- 
niques rose to prominence during 
World War II. 

The initial use of operations re- 
search was in a military context. 
The initial development took place 
in the United Kingdom. Earliest 


uses were in determining the opti- 
mum number of bombers for a 
bombing mission and the deploy- 
ment of ships in a convoy, a also 
in the control of supplies. In almost 
all cases the team approach was 
used, A team was composed of men 
who had different backgrounds 
and training. One such team might 
have included a general, a mathe- 
matician, a logistics expert and var- 
ious other specialists, each of whom 
had something to contribute toward 
the solution of a problem. 

After the war O.R. moved into 
business, industry and government. 
Adoption of the new techniques 
was at first slow, but since 1951, 
O.R. has taken hold and developed 
rapidly. The team approach was so 
successful that it was carried over 
and is still a widespread practice 
today. The teams don't operate dif- 
ferently from the wartime teams, 
except that an inventory control 
specialist has replaced the logistics 
expert and a production supervisor 

srforms the tasks that the general 
ormerly did. Here are other basic 
characteristics of operations re- 
search.” 


1. O.R. deals with the assignment 
of quantitative values to various 
parts of a problem. It tries to find 
relationships between these parts. 
2. O.R. emphasizes the use of 
mathematical techniques, especially 
probability theory and statistical 
analysis, 
3. Basic approach to problems is 
through a mathematical model. 
This working model takes the form 
of a probability expression which 
can be manipulated more easily 
than other sone of expression 
(e. g. a picture or graph cannot be 
fed into a computer as input data). 
4. O.R. is concerned with optimiz- 
ing one or more basic requirements 
of a system. It also attempts to un- 
cover interdependencies and does 
both without ever making use of a 
pilot model or mock set-up of any 
kind. 

How does it accomplish this? 
Let's take a closer look at a few 
O.R. techniques. 


Queuing 
The current industrial engineer- 
ing approach to work systems 


problems employs a type of analy- 


Neophytes in operations research have been going back to the classroom to learn about new techniques in industrial engineering. 
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sis generally considered to be of a 
static nature. That is, the engineer 
or analyst makes extensive use of 
operation charts which show how 
a process or system is currently 
operating, or how a proposed sys- 
tem should operate. It is true that 
the industrial engineer of today 
uses some quantitative methods in 
expressing input and output data, 
but the conditions that exist when 
the data are gathered are such that 
he comes up with an “average” set 
of conditions, or even merely a 
model which depicts a certain sin- 
gle outcome. The automobile in- 
dustry is an example of a business 
which experiences many fluctuat- 
ing conditions. If average machine 
or assembly times were gathered 
over the period of a year in order 
to determine how a new produc- 
tion line might look, the resulting 
picture would be inaccurate, to say 
the least, because the industry ex- 
periences peaks and valleys in pro- 
duction. 

The problem, then, is a dynamic 
one. Parameters and certain dimen- 
sions of the system are constantly 
changing. Obviously the static ap- 
proach te a problem of this sort 
would be incorrect. What means 
are there of dealing with a dy- 
namic situation? There are four 
effective methods of solving this 
problem.* 

1. Observe the existing system, 
noting variations of performance. 
However, this method necessarily 


limits the evaluation of alternative 
proposals because the alternates 
presumably are not in operation 
anywhere. 

2. The next logical method is to set 
up experimental or pilot models of 
the various alternatives. The draw- 
back is the prohibitive cost of un- 
dertaking such a venture. 

3. Physical models of the proposed 
systems could be constructed. Ana- 
log computers are now programmed 
to simulate such things as space 
flight or radar installations. 

4. A fourth method is the use of 
mathematical and analytical tech- 
niques. The problem is solved 
through the use of equations. It is 
as a result of the use of this fourth 
method that operations research is 
gaining prominence. One of the 
most common applications of the 
mathematical technique occurs in 
the simple queuing problem. 

All queuing problems are char- 
acterized by the existence of a fa- 
cility which renders service to dis- 
crete customer units which demand 
this service from time to time.* Ex- 
amples of queuing problems are 
trucks waiting to be loaded at a 
loading platform, ticket lines, and 
machinists getting tools at a tool 
crib. Four characteristics that dis- 
tinguish one queuing problem from 
another are the manner in which 
units arrive to receive a_ service, 
the nature of the service time, the 
number of service stations avail- 


able and the special queuing rules, 


IBM Corp. 


Industrial engineers use small-scale computers to solve problems of operations 
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called queue discipline, that are to 
be observed. 

There are several problems con- 
nected with the use of queuing 
theory. One problem is that as- 
sumed time distributions very often 
do not come reasonably p fas to 
approximating the actual condi- 
tions that exist. Furthermore, a 
reasonable distribution may exist, 
but the equations become too dif- 
ficult to manipulate, Another draw- 
back is that most of the solutions 
are valid only after the system has 
been in operation for some time. 

Because of its complexity and 
limited accuracy, queuing theory 
is being bypassed today in favor 
of a more recent technique of op- 
erations research — “system simu- 
lation.” 


System Simulation 

The systems simulator that  in- 
dustrial engineers and operations 
research analysts talk about is a 
mathematical simulator which at- 
tempts to duplicate actual working 
conditions on paper. Queuing the- 
ory is a type of simulation, Be it 
is very different from systems simu- 
lation, which is concisely defined 
by Professor Dr. Dimitris Chorafas 
of the IBM World Trade Organi- 
zation as a working analogy. Simu- 
lation involves construction of a 
working mathematical or computer 
model which presents the simi arity 
of properties or their relationshi 
to the physical system under mele. 
In this manner, the optimization of 
a system's characteristics can be 
determined. 

Simulation has the advantage of 
being simple and easy to under- 
stand. It eliminates the need for 
costly trial and error methods of 
trying out new operating concepts, 
because input data can be easily 
changed and the effect on a facility 
readily ascertained. The actual area 
in question is never altered until 
the results of the simulation study 
show which alternative is best. ~ 

Other characteristics of simula- 
tion are: 

1. The input variables have an in- 
teracting effect on the output of 
the system. 

2. Most of these variables are sto- 
chastic in nature. They come from 
distributions and there- 
ore change with time. 


The “proof of the pudding” is 
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Job shops are simulated by industrial engineers using operations research techniques. 


the excellent record achieved by 
users of simulation. United Air 
Lines reports success with its air- 
port station model, General Electric 
Co. with a production control mod- 
el, IBM with a modular system pro- 
duction area, and the Port of New 
York Authority with simulated peak 
hour operations. 

The list is long and is getting 
longer every year, especially since 
many companies are now program- 
ming computers for simulation ex- 
ercises. Once the mathematical 
model has been established and 
programmed, the engineer merely 
has to provide input data to the 
computer in order to get the re- 
sults he seeks. This use of the com- 

uter frees the simulation engineer 
other work. 


In addition to its use in the study 
of complex operating systems, sim- 
ulation is also used to train people 
in the operation of complicated 
tasks and to gain acceptance of 


proposals through the better un- 
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derstanding of how a system works. 

The evidence is clear that simu- 
lation is a powerful tool which can 
immensely improve the quality of 
understanding in the search for 
new and less costly systems of op- 
eration. It is hoped that more and 
more industrial engineers will delve 
into the workings of this tool and 
find applications for it. 


Linear Programming 

Not the least of the industrial 
engineer's problems is that of allo- 
cation or assignment. This type of 
problem arises when: 

1. There are a number of tasks to be 
carried out and there are alterna- 
tive ways of doing them. 

2. Facilities are not available for 
carrying out each task in the most 
effective way. 

Professor Merrill Flood of the 
University of Michigan posed the 
following assignment problem: 

Suppose an airline has five 
planes at a certain airfield, Each 


day any one of the airline's five 
planes is capable of flying on any 
one of the five separate flights. 
While the fare charged for each 
flight is fixed no matter what plane 
flies, the cost of flying the com- 
pany’s five planes varies because 
the planes vary as to their age and 
size. The owner of the airline 
would like to assign planes to the 
five flights so that the sum of costs 
is minimized. 

The costs of different planes fly- 
ing to different locations is as fol- 
lows: 
Destination 1 
Aircraft No. 


Obviously plane number four 
would be the cheapest to operate 
on all five flights, but it can only 
fly one per day. 

This problem might be solved, 
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Take advantage of the 
MECHANICAL 
ADVANTAGE 


The screw is a combination of two 
mechanical principles: the lever, 
and the inclined plane in helical 
form. The leverage applied to the 
nut combines with motion of the nut 
around the bolt to exert tremendous 
clamping force between the two. 

One of the greatest design errors 
today, in fact, is failure to realize 
the mechanical advantages that 
exist in standard nuts and bolts. 
Smaller diameters and less costly 
grades of fasteners tightened to 
their full capacity will create far 
stronger joints than those utilizing 
bigger and stronger fasteners tight- 
ened to only a fraction of their 
capacity. Last year, one of our engi- 
neers showed a manufacturer how 
he could save $97,000 a year simply 
by using all the mechanical advan- 
tages of a less expensive grade. 

When you graduate, make sure 
you consider the mechanical advan- 
tages that RBaW fasteners provide. 
And make sure, too, that you con- 
sider the career advantages RBaW 
offers mechanical engineers—in the 
design, manufacture and application 
of mechanical fasteners. If you’re 
interested in machine design—or 
sales engineering, write us for more 
information. 


RUSSELL, BURDSALL a WARD 
BOLT AND NUT COMPANY 
Port Chester, N. Y. 


with the consumption of a great 
deal of time, by trial and error 
methods (the reader is invited to 
try his hand. The correct answer 
appears at the end of the article ).° 
However, Professor Flood has de- 
vised a somewhat lengthy, but sim- 
ple technique for solving it usin 
linear programming. This detail 
method can be found in reference 
8 of the bibliography. 

Three powerful tools of opera- 
tions research have been pre- 
sented. A knowledge of these tech- 
niques can prove to be a valuable 
asset to the young engineer first 
entering the industrial engineering 
field. In addition, a unique oppor- 
tunity exists when an engineer 
couples a knowledge of these tech- 
niques with a strong background 
in computer applications. 

For those engineers who went to 
school before O.R. techniques were 
refined, one industrial engineer 
who is acquiring a grasp of O.R. 
had the following advice: 

“Since it is obvious that the char- 
acter of industrial engineering 
must necessarily change from a 
general rule of thumb profession to 
a rather sophisticated discipline, 
how does this affect practitioners 
like myself who went to school be- 
fore there was such a thing as op- 
erations research? 

There are three alternatives: 

(1) Fight the trend 

(2) Be passive 

(3) Rekindle long-forgotten 

study habits and begin to 
delve into the mysteries of 
O.R. 

The last is by far the hardest of 
the three, but seerns to be the only 
logical choice. 

What can you expect from the 
first faltering steps in O.R.? Well, 
for one thing you will find yourself 
going up many blind alleys. This 
may be frustrating, but not a waste 
of time, since you will learn some- 
thing of the nature of the problem 
from each wrong turn. The all- 
inclusive character of O.R. will re- 
quire the collection of much more 
data than is required for conven- 
tional analysis, and very often the 
nature of the data itself will make 
the solution obvious, As you pro- 
ceed through a problem you will 
have to do much research and 
study, and, as a result the first 
studies will require time. 


One of the dangers of O.R. is 
that during the course of studying 
a — technique, the logic 
and practicality of approach is 
usually very impressive, and there 
is a tendency to run madly around 
the plant with a solution looking 
for a problem. This approach in- 
variably leads to faulty applica- 
tions and disastrous results. 

The road will not be an easy or a 
short one, but it will result in more 
objective and quantitative analysis 
of industrial engineering _prob- 
lems.° 


Footnotes 

' International Business Machines Cor- 
poration. 
: Charles J., “Meet Operations 
esearch,” Mill and Factory, January, 
1957 

*“Queuing,” E. V. Krick, Cornell 
Univ. 


* Thid 
Flight 

Aircraft No. Cast 
1 i 300 
2 2 350 
3 5 195 
4 3 110 
5 4 345 


1300 minimum cost 

* Robert F. Chipak, International Busi- 

ness Machines Corporation, Endicott, 
New York 
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PhD, MS, BS in EE 
PhD, MS in Physics and Mathematics 


— would you rather blaze trails in electronic 


communications theory or consolidate 
territory newly won? 


«+ where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 


While our broad concern at Stromberg-Carison is in the acqui- 
sition, transmission, processing, storage and display of com- 
munications data, ancilliary investigations — often seemingly 
remote — are carried on to enhance our basic understanding 
of the communications field. 


TO THE ADVANCED DEGREE CANDIDATE this fre- 
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 


TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel- 
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 


AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin- 
guists is available on a day to day basis. Further, with scien- 
tists it is the aim of Stromberg-Carlson’s technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par- 
ticipation in technical symposia. 


YOU CAN AIM YOUR CAREER IN E/7HER DIRECTION 
AT STROMBERG-CARISON 


Division of General Dynamics 


The list below indicates 
the range of work currently 
in progress. 


FIELDS OF RESEARCH ENDEAVOR 


Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 

Propagation and Coding 
Speech Analysis 

Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametric Devices 

Tunnel Diode Logic 

Scatter Propagation Analysis 
Piasma Physics 


ADVANCED DEVELOPMENT & ENGINEERING 


ICBM Communications 

Electronic Switching 

Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronics Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
ASW Techniques 

Machine Tool Automation 

Radio Data Links 

High Intensity Sound Generators 

Air Acoustics 

Shaped Beam Display Systems 


High-Speed Automatic Missile Check-Out Equipment 


Super-Speed Read-Out and Printing Equipment 
Electro Acoustics & Transducers 


Precision Hi-Fi Components 


For further information write to the College Relations Section, 
Engineering Personnel Department. 


STROMBERG -CARLSON 
a oivision or GENERAL DYNAMICS 


1450 North Goodman St., Rochester 3, New York 
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Subsequent advertisements will define the roles played by these young engineers in the creation of data systems at IBM. 
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IDEAS CAN COME FROM ANYWHERE AT IBM 


The expansion of data systems technology at 
IBM continues at a dynamic pace. To maintain 
this pace requires the continual infusion and 
cross-pollination of new and highly original 
ideas. These ideas must come from all fields 
including programming, research, manufactur- 
ing, development and marketing. 


Thus, creativity is the key word at IBM. It is the 
prime mover and accelerator of the technologi- 
cal cycle. Out of this cycle come all the new and 
dramatic developments in the many areas of 
data systems. These developments, in turn, gen- 
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erate still newer developments. There is virtu- 
ally unlimited potential, then, in good ideas put 
to work at the right time and in the right place. 


The IBM representative will be visiting your 
campus soon. He will be glad to discuss with 
you the many fields at IBM, where ideas receive 
a warm welcome. Your placement office can 


arrange an interview. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


Or for information about opportunities at IBM, write, outlin- 
ing your background and interests, to: Manager of Technical 
Employment, Dept. 889, |BM Corporation, 590 Madison Ave., 
New York 22, N. Y. 


When writing to advertisers please mention the Connett ENGINEER. 
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Faculty Profile . . . 


On the Agriculture campus, the 
Department of Agricultural En- 
gineering is headed by Professor 
Orval C. French, to whom belongs 
the credit for establishing the five 
year professional agricultural en- 
gineering program at Cornell. 
From his consistent dedication has 
arisen what is now reputed to be 
the best department = 5 its kind in 
the nation. 

Professor French was born on a 
livestock farm in Kansas fifty-two 
years ago. From nearby Kansas 
State College he earned his B.S. and 
M.S. in agricultural engineering. 
For six months he worked alone as 
the agricultural engineer in a 
Kansas City boiler plate engineer- 
ing firm, and here he first ap- 
preciated the need for more agri- 
culturally-oriented engineers. 

In 1931 he took up part time 
studies at the University of Cali- 
fornia and simultaneously did 
teaching and research. For more 
than ten years on the coast Profes- 
sor French worked with some of 
agriculture’s and engineering’s most 
well known men. One of these was 
Dr. H. B. Walker, who once sug- 
gested that he take an administra- 
tive agricultural engineering posi- 
tion at a university in order to fur- 
ther this new type of engineering. 
This he did, reluctantly at first, 
knowing that only through his stu- 
dents would he be able to accomp- 
lish the engineering projects he 
had planned himself. 

In 1947 he came to Cornell with 
one particular hope: to offer a pro- 
fessional engineering curriculum 
to agriculture students, At that 
time agricultural engineering con- 
sisted of welding courses, farm 
mechanics, and other applied sub- 
jects spread out among six differ- 
ent buildings. Professor French 
centralized the department some- 
what, and he helped considerably 
in BeoOR the new Riley-Robb 
agricultural engineering building. 
This building now houses over 
one-half million dollars worth of 
equipment, more than is owned by 
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PROFESSOR ORVAL C. FRENCH 


by Thomas H. Wickham, AgE °62 


any other similar department in 
the country. 

As head of the department, he 
proposed a five year or 
After meeting extensively with 
several committees, the faculty ap- 
proved his proposals in late 1980, 
and the first five students were ad- 
mitted in the fall of 1953. These 
students followed a_ schedule 
similar to the mechanical en- 
gineer’s, except that at least one 
agriculture course was specified 
each term. The students were en- 
rolled in the agriculture college 
for the first four years, and in the 
engineering college for the fifth 
year. They received Bachelor of 
Agricultural Engineering degrees 
from the engineering school. The 
program was to be financed by the 
State University of New York, but 
each student had to pay for his 
out-of-college courses, which were 
extensive in number. Finally, the 
program was to be jointly admin- 
istered by four professors from 
each of the two awa with Pro- 
fessor French as chairman. 

Professor French has a _ large 
number of professional engineer- 
ing associates with whom he meets 
regularly. The benefits are two- 
fold: 1. Deficiencies in the pro- 


Photo Science 
Orval C. French 


am, as seen by industry, may be 
rought to the at- 
tention and remedied, and 2. Occu- 
pational opportunities for graduates 
are maintained. He has personally 
arranged positions in A, a for 
a number of his students. This he 
considers second only to his teach- 
ing administration in importance. 

Professor French also assumes 
the responsibility of administering 
research programs. Many firms 
seek the advice of the agricultural 
engineering department regarding 
water control, machine design and 
many other matters. Because of all 
of these requests, the department 
maintains one of the more active 
research centers of the University. 

In 1958 Professor French volun- 
teered to help in the rehabilitation 
of the University of the Philippine 
Islands. Cornell has an agreement 
under the International Coopera- 
tive Association of the Point Four 
Program by which one agricultural 
engineering staff member is sent 
each year to help this university 
become self administering. In the 
Philippines Professor French was 
able to teach, a pleasure which he 
chose to forego at Cornell in favor 
of administration. 

Now back at Ithaca, Professor 
French teaches only several sem- 
inar courses during the Cornell 
summer session. 

By this June approximately 
twenty-five students will have 
graduated from Cornell's five year 
agricultural engineering program. 
Due to his personal interest in 
these students, Professor French 
has known and helped each one, 
from his freshman year until grad- 
uation, and then in industry, Many 
of these young men were “good” 
students throughout their under- 
graduate years, but some varied in 
their accomplishments. Nothing in 
his work gives Professor French as 
much gratification as seeing medi- 
ocre students suddenly take on 
enough interest to excel in their 
work. He has helped many such 
students. 
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8,000 Management Opportunities! 


That's right. There will be 8,000 supervisory jobs filled missile guidance systems and components such as tran- 


from within the Western Electric Company by college 
graduates in just the next ten years! How come? Because 
there's the kind of upward movement at Western 
Electric that spells executive opportunity. Young men 
in engineering and other professional work can choose 
between two paths of advancement—one within their 
own technical field and one within over-all management. 


Your progress up-the-ladder to executive positions 
will be aided by a number of special programs. The 
annual company-wide personnel survey helps select 
management prospects. This ties in with planned rota- 
tional development, including transfers between Bell 
Companies and experience in a wide variety of fields. 
Western Electric maintains its own full-time graduate 
engineering training program, seven formal manage- 
ment courses, and a tuition refund plan for college study. 

After joining Western Electric, you'll be planning 
production of a steady stream of communications 
products—electronic switching, carrier, microwave and 


sistors, diodes, ferrites, etc. Every day, engineers at our 
manufacturing plants are working to bring new devel- 
opments of our associates at Bell Telephone Labora- 
tories into practical reality. In short, “the sky's your 
limit” at Western Electric. 


get your copy of Consider a Career at Western Electric 
from your Placement Officer. Or write College Relations, 
Room 6105, Western Electric Company, 195 Broadway, 
New York 7, N. Y. Be sure to arrange for a Western 
Electric interview when the Bell System team visits 


Principal manufacturing locations at Chicago, Ill; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, 
Mass.; Omaha, Neb.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, Ill. and 
Little Rock, Ark. Also Western Electric distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, N. Y. 
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Biggest thirst in the universe 


Each 6,000,000 pound thrust rocket ship now being planned for manned 
interplanetary exploration will gulp as much propellant as the entire capac- 
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume 
1,140 tons in the rocket's approximately 2 minutes of burning time. Required 
to carry this vast quantity of propellant will be tanks tall as 8 story buildings, 
strong enough to withstand tremendous G forces, yet of minimum weight. 
Douglas is especially qualified to build giant-sized space ships of this type 
because of familiarity with every structural and environmental problem 
involved. This has been gained through 18 years of experience in producing 
missile and space systems. We are seeking qualified engineers and scien- 
tists to aid us in these and other projects. Write to C. C. LaVene, Box B-600, 
Douglas Aircraft Company, Santa Monica, California. 


Dr. Henry Ponsford, Chief, Structures Section, discusses valve and 
‘fuel flow requirements for space vehicles with G S 
Donald W. Douglas, Jr., President of D OU LA 


MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB® GROUND SUPPORT EQUIPMENT 
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Boron-1l0 vs. brain tumors 


Physicians and scientists working in 
cancer research at Brookhaven National 
Laboratory, Upton, N. Y., are probing 
the use of Boron-10 isotope in treating 
a common type of brain tumor (glio- 
blastoma multiforme). 

Results of this therapy are so encour- 
aging that Brookhaven and at least two 
other institutions are constructing addi- 
tional nuclear reactors used in this 
therapeutic venture. 


The method. In a technique known as 
Neutron Capture Therapy, the patient 
receives an injection of a Boron-10 com- 
pound. Cancerous tissue absorbs most 
of the neutrons. 

In the split second that the Boron-10 
becomes radioactive, it produces short- 
ranged alpha particles which destroy 
cancerous tissue with a minimum of 
damage to healthy tissue. 


Producing the isotope. The plant fur- 
nishing Boron-10 to Brookhaven ordi- 
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narily turns out about three pounds 
during a 24-hour work day. Separation 
of the isotope takes place in what is 
described as “the world’s most efficient 
fractionating system.” In 350 feet of 
total height, six series-connected Monel* 
nickel-copper alloy columns enrich a 
complex containing 18.8% Boron-10 iso- 
tope to one containing 92% Boron-10. 


Purification. To purify the 92% con- 
centrate, a whole series of complicated 
processing steps are needed . . . includ- 
ing deep freeze. Columns, reboilers, 

nd 8, vessels, pumps, and piping 
abound — each a constant challenge . . . 
both to the metal and to those concerned 
with equipment design and operation. 


How would you meet such chal- 
lenges? Some problems, of course, were 
unique and demanded ingenuity of a 
high order. But answers to most, 90% 
or more, could be found in the vast 
“experience bank” maintained by Inco 
... some 300,000 indexed and cross- 
referenced reports of metal perform- 
ance under all manner of conditions. 


Make a mental note: (1) that The 
International Nickel Company is a rich 
source of information on high-tempera- 
ture and corrosion-resisting alloys; (2) 
that Inco makes this experience avail- 
able to you. ©1960, Inco 


The International Nickel Company, Inc. 
New York 5, N. Y. 


&, International Nickel 


The International Nickel Company, Inc., is the U. S. Affiliate of the International Nickel Company 
of Canada, Limited — producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, 
Sulfur, and Platinum, Palladium and Other Precious Metals, 
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“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates and former students, and to establish closer relationships between the College and its alumni.” 


THE PRESIDENT’S LETTER— 


As your new Officers and Executive Committee take 
over for the coming year it is appropriate to outline who 
the members of the Executive Committee are and what 
we hope to accomplish during the coming year. 

First, as to the membership of the Executive Commit- 
tee, it includes in addition to the Officers listed above, the 
three most recent Past Presidents, Walter L. Hardy, Ch.E. 
"38, Roscoe H. Fuller, M.E. ’24, and Stephen D. Teetor, 
C.E. °43; Committee Chairmen, William M. Leonard, 
M.E. '24, Roger Broeker, B.M.E. "47, Austin L. Rumsey, 
C.E. '23, Walter M. Bacon, E.E. '30, Sidney Turkish, E.E. 
‘59, M. D. Morris, C. E. '44; and Engineering School Rep- 
resentatives, William Littlewood, M. E. '20, Wayne E. 
Kuhn, Ch.E. 30, Daniel M. Lazar, C. E. '29, Thomas W. 
Hopper, M.E. '29, J. Paul Leinroth, M. E. °12. In addition 
to these School Representatives there are six more to be 
appointed at the next Executive Committee meeting to 
replace those whose term expired in June 1960. 

As to the program for the coming year, four main items 

are concerning us — 
1. A Program of Meetings in New York and in each of the 
Branch cities that will provide both fellowship and stimu- 
lation. Meetings have se held in New York, Chicago, 
and Boston, as well as an Executive Committee meeting 
in Ithaca. On November 30, there will be a Dinner Meet- 
ing at the Engineers’ Club in New York City. It will be 
held in conjunction with the 1960 Winter Annual Meeting 
of the A.S.M.E. 
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2. Increase Memberships. We have about 3200 members 
out of an Alumni body of 20,000, While this is good, it 
could be much better. 
3. Increased activity in Secondary School work to insure 
that adequate numbers of qualified embryo engineers are 
directed towards Cornell. We have a fine new physical 
=e and an outstanding faculty. We need to keep them 
fully occupied. 
4. Develop a closer working relationship between the So- 
ciety and the College of Engineering. To this end, we 
scheduled a meeting of the Executive Committee in 
Ithaca on September 30-October 1. This permitted the 
participation of the Dean, Assistant Deans and the School 
Directors, who are honorary officers of the Society. A Re- 
tion for the Faculty of the College of Engineering was 
held on Friday, night, September 30, which permitted 
the Ithaca members of the Society, the Faculty and the 
Executive Committee members to really get acquainted. 

Your officers hope that you will all join in to make this 
a banner year of accomplishment. Begin by sending in 
your dues, if you haven't already done so. Then participate 
in the meetings and bring along a prospective member. 

I plan to use this monthly letter to keep the Member- 
ship advised of the activities of the Society and its Mem- 
bers. It will be much more interesting if it reflects what 
you are doing. Please let me hear from you. 

Paut O. GuNsALUS 
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ALUMNI ENGINEERS 


R. David Thomas, Jr., ChemE 
37, of the Arcos Corporation, has 
been elected President of the 
American Welding Society. The 
new President <a office June 1 
and during the 1960-1961 fiscal year 
will direct the Society's many ac- 
tivities devoted to advancing the 
art and science of welding. 

Dave Thomas has been an ac- 
tive member of the AWS for many 
years, He is a past chairman of the 
Philadelphia Section, Chairman of 
many important AWS technical 
committees, and has taught a num- 
ber of courses at Temple Univer- 
sity and Drexel Institute of Tech- 
nology. Mr. Thomas was elected 
First Vice-President of the Society 
at the 1959 Annual Meeting held 
at Chicago, Illinois. In 1958 he re- 
ceived the Miller Medal, one of 
the highest honors conferred by 
the American Welding Society. 


Don E. Sweeney, ChemE "59, has 
joined Texaco as an Associate 
Chemica) Engineer. 

Mr. Sweeney was awarded his 
Master cf Science degree in Chem- 
ical Engineering at the University 
in February, 1960. He began his 
professional career at Texaco’s 
Port Arthur-Port Neches, Texas, 


R. D. Thomas Jr. 
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Research Laboratories in June of 
1959 and returned to Cornell in 
September to obtain his MS de- 
gree. He will be engaged in re- 
search work leading to the de- 
velopment of new and improved 
petroleum products and _ refining 
processes, 


George B. Catlin, BEE '25, De- 
troit Edison electrical engineer 
and industrial power specialist, 
has been named Director of 
Area Development for the com- 
pany. 

The new divisional director 
joined Detroit Edison in 1936 
after service with Michigan Bell 
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and Ford Motor Company. 

In 1952 he was placed on 
special assignment to Michigan's 
Emergency Defense Contracts 
Committee, working both in De- 
troit and with the U.S. Defense 
Production Administration in 
Washington, D.C. Since 1953, he 
has been Senior Engineer in the 
company’s Industrial Sales Divi- 
sion, with responsibility for all 
major industrial power accounts 
throughout the area served by De- 
troit Edison. 

Catlin is active in the affairs of 
the Association of Iron and Steel 
Engineers and in other indus- 
trial groups. 


Albert Deermont, CE '09, was 
chosen by the Kiwanis Club of 
Chipley, Fla. as the Chipley citi- 


Paul L. Gillan 


zen to be honored this year. A 
civic dinner was held in his honor 
at which the Cornell colors and 
music were used extensively and 
to which all surviving members of 
his Engineering Class were in- 
vited. Deermont, a former mayor 
of Chipley and a past president 
of the Kiwanis Club, is president 
of the construction firm Coggin & 
Deermont. Deermont did much of 
the planning for many of the city’s 
streets and the sewer system. He 
was instrumental in obtaining a 
much-needed hospital for the 
county and was the first chairman 
of its board of trustees. He is a 
past president of the Florida Road 
Building Association. 


The appointment of Paul L. Gil- 
lan, BEE '23, MEE '25, as Special 
Assistant to Vice President-Engi- 
neering, Mack Trucks, Inc., was an- 
nounced recently. 

Mr. Gillan’s association with the 
automobile industry started in 
1925 with American LaFrance En- 
gine Co., where he was chief 
draftsman, following his gradu- 
ation from the University. Before 
joining Mack, he had served White 
Motor Company for 16 years in 
various capacities, ranging from 
engine engineer to chief engineer. 


Herbert H. Peckham, ChemE 
"33, has been appointed division in- 
dustrial engineer of the General 
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Chemical Division of Allied Chem- 
ical Corp. A General Chemical 
employee for twenty-six years, he 
will direct industrial engineering 
activities of its forty producing 
plants across the country. 


J. Bolling Sullivan, Jr., ChemE 
"36, has recently been elected vice- 
president of the Rust Engineering 
Company of Birmingham, Ala- 
bama. In 1953 he joined Rust as 
a project manager, being especial- 
ly active in the paper, synthetic 
fiber and chemical industries. 
Previously Sullivan had been with 
the Celanise Corporation of 
America for seventeen years. 


William Littlewood, ME ’20, an 
Alumni Trustee since 1955, is 
seeking re-election. He is vice- 
president of equipment research of 
American Airlines and a director 
of the Cornell Aeronautical Lab- 
oratory. He is internationally rec- 
ognized for his contributions to 
the development of commercial 
airplanes and has been a consult- 
ant on aeronautics to government 
agencies. His honors include the 


Wright Brothers and Guggenheim 
Aeronautical Medals and Flight 
Safety Foundation Award. Presi- 
dent of the Cornell Society of En- 
gineers, he is also a member of the 
aeronautical visiting committee of 
MIT and the aeronautical advisory 
committee of Princeton. He taught 
physics, mechanics and machine 
design as a senior, received the 
Sibley Prize for two years, and was 
president of Tau Beta Pi. 


R. A. Woodle, ChemE °43, a Tex- 
aco technical employee, is a paten- 
tee of a recently issued U.S. 
Patent covering improvements in 
manufacture of alkylated aromatic 
hydrocarbons. 

Mr. Woodle joined Texaco as a 
Chemical Engineer in the Port 
Arthur, Texas, Research Labora- 
tory. He has held a succession of 
assignments and is now Super- 
visor of Lubricants Research. 

He is a member of the Ameri- 
can Chemical Society and is the 
author of several technical papers. 
He holds other patents in the 
field of petroleum technology. 


Henry C. Boschen, ME '28, has 
recently been elected president of 
Raymond International, Inc. Mr. 
Boschen joined the firm, owned 
by Maxwell Upson, thirty-two 
years ago. 


Jack Scheinuk, BCE °58, has an- 
nounced the opening of an office, 
Insure-All Incorporated, in New 
Orleans. Mr. Scheinuk was for- 
merly Vice-president of the Hart- 
wig Moss Insurance Agency, Ltd. 


Nicholas Duda, Jr., has been ap- 
pointed Assistant Supervisor of 
Labor Relations at the Pittsburgh 
Works of Jones & Laughlin Steel 
Corporation. 

Mr. Duda, who formerly was a 
Staff Assistant in the Department, 
has been a J&L employee at 
the Pittsburgh Works since June, 
1955, when he joined J&L as an 
Industrial Relations Trainee. He 
was uamed a Staff Assistant in the 
Labor Relations Department upon 
completion of his training in 1956. 


What’s been done with new DEEP STRENGTH 
Asphalt Pavement in Upstate New York 
could be important to your future 


THIS IS DEEP STRENGTH 
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If your career is Civil Engineering 
you owe it to your future to know 
what’s happening in Asphalt pave- 
ment design. 

Take Interstate Highway #81 near 
Watertown, New York, for instance. 
Here, in an area where frost depth 
goes to 48 inches and the soil is 
boulder-strewn glacial till, engineers 
had to find a way to stop heaving and 
subsequent pavement failure. New 


Advanced Design DEEPSTRENGTH 
Asphalt pavement helped solve the 
problem. (See diagram.) 

To know more about the new Ad- 
vanced Design Criteria for heavy- 
duty Asphalt pavements and how they 
are responsible for the most durable 
and economical heavy-duty pavements 
known, send for free student portfolio 
on Asphalt Technology and Construc- 
tion. Prepare now for your future. 


THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 


Ribbons of velvet smoothness... 
ASPHALT-paved Interstate Highways 


DEEP STRENGTH WI 


Gentlemen: Please send me your free student portfolio 


ASPHALT PAVEMENT on Asphalt Technology and Construction. 
NAME -CLASS. 
ADDRESS 
city _STATE 
SCHOOL 
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SHOCK-STRENGTH 
of steering spindle 
soars by 
designing it 

to be forged 


Modern board-lift forging hammer 


By designing front-end spindles to be forged, automobile and truck 
manufacturers practically eliminate danger of failure of these vital parts, even 
under sudden turning stress that can reach thousands of foot-pounds. 

Start your designs by planning to use forgings everywhere there’s a high 
degree of stress, vibration, shock, or wear. Forged parts withstand them all better 
than parts made by other fabrication methods. And forgings have no hidden 
voids to be uncovered after costly machining hours have been invested 
... the hammer blows or high pressures of the forging process 
compact the better forging metal, make it even better. 

Write for literature on the design, specification, 
and procurement of forgings. 


Whew itd aw wital pat, desiqn it to be 


Drop Forging Association + Cleveland 13, Ohio 
Names of sponsoring companies on request to this magazine. 
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COLLEGE NEWS 


CARPENTER DONATES TO 
BUSINESS SCHOOL PROJECT 


The University plans to erect a 
new $1,500,000 building for its 
Graduate School of Business and 
Public Administration and has re- 
ceived substantial gifts toward its 
construction. 

The new building will bring the 
school under one roof, permit ex- 
pansion of its student body, and 
provide facilities for intensified 
study, research, and special train- 
ing programs, according to C. 
Stewart Sheppard, dean. 

Walter S. Carpenter, Jr., Chair- 
man of the Board of the E. I. du 
Pont de Nemours Company, has 
given $340,000 to the project, and 
a foundation with which he is as- 
sociated has donated an additional 
$417,600 

It is hoped that construction will 
start early next year, and that the 
building ‘will be ready for occu- 
pancy in September 1962. 


CHEM E’S VIEWS AIRED 
IN LIFE MAGAZINE 


The opinions of Kenneth Alan 
Collins, ChemE 63, on the topic 
“America’s national purpose” were 
published in the July 11 issue of 
Life Magazine. They were in- 
cluded as part of an article en- 
titled “Nationwide Response To 
National Purpose.” The article re- 
viewed reactions to the magazine's 
national purpose articles, one of 
which was contributed by Univer- 
sity Professor Clinton Rossiter. 


COMPUTER BUSINESS GAME 
HIGHLIGHTS IE SEMINAR 


Great chunks of facts and fig- 
ures simulating the operation of 
four industrial firms over a 12 
month period were fed into a data 
processing system at Cornell which 
not only did the statistical analysis, 
but also arrived at, in about two 
hours, the decisions usually made 
by top management in a year. 

Four imaginary companies 
were used to illustrate business 
failure and success for the benefit 
of 200 top business and industrial 
executives attending the Annual 
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Cornell Industrial Engineering 
Seminar, June 14-17. 

The companies competed with 
each other for the sales of three 
products in a common market, and 
each game was played in terms of 
quarters of a year. According to 
the rules, each team was allowed 
a maximum of three-quarters of an 
hour (the decision period) to plan 
the first quarter, and one-hal 
hour for each quarter year there- 
after. 

Prior to the start of the game, 
each team established the key 
management positions of president, 
comptroller, production manager 
and sales manager—each team 
having a maximum of six members. 

As in real business life, it was 
assumed that the president had the 
ultimate authority in decision mak- 
ing and the “referee” communi- 
cated with him in decision matters. 
Each company was provided with 
a referee, who answered questions 
regarding the rules of the game, 
and collected and delivered the 
decision sheets. 

The results of the company’s 
quarterly plan made during the 
9c period were recorded on 

“decision sheet.” This sheet was 
Fi to the referee at the desig- 

nated time at the end of the de- 
cision period. Failure to have the 
information when required re- 
sulted in a loss of 50 per cent of 
the sales normally gained for that 
period —a penalty executives do 
not have to face in real business 
life. 

After submitting the decision 
sheet each company continued to 
analyze its operations. The results 
of the quarter were compiled on 
the decision sheet by the referee 
and returned to the company with- 
in a scant 10 minutes, leaving 20 
minutes to finish the next decision 
period. 

At the end of the game the com- 
panies were pr we on the basis 
of profit and loss for the ensuing 
period, cash position shown by the 
final quarterly decision sheet, bal- 
ance sheet as of the last quarter, 
and the per cent of market gained 
by each company for each quarter. 


The purpose of the game was to 


show the top executives that by 
translating business problems into 
the machine's language they could 
save much time and effort. 


BURROUGHS 220 COMPUTER NOW 
OFFICIALLY IN OPERATION 

The dedication of a new quarter- 
million dollar Burroughs 220 com- 
puter at the University’s Comput- 
ing Center featured “games” taught 
the mechanical brain by a group 
of Cornell students. 

The Burroughs 220, a new unit 
with a paper tape photo reader 
capable of reading 1,000 alpha- 
numeric words per second, played 
tic-tac-toe, staged a turtle race, 
and recounted the weather for any 
day between January 1, 1926, to 
December 31, 1956, to members 
of the faculty and administration 
attending the ceremony. 

After entering the day, month 
and year by pressing buttons, the 
machine's “memory” came up un- 
erringly with the maximum and 
minimum tempe ratures of any one 
day, as well as the precipitation or 
snowfall, all in about five seconds 
time. 

The dedication of the new com- 
puter, one of the first two Bur- 
roughs 220s to be installed at a 
university, gives the University 
excellent facilities. Other machines 
in the Cornell Computing Center 
in Rand Hall, and access to a $2 
million machine at Cornell Aero- 
nautical Laboratory, Buffalo, give 
the University outstanding facil- 
ities for speeding up scientific and 
engineering research. Richard C. 
Lesser is director of the Comput- 
ing Center at the University. 

The advantage of the Burroughs 
220 can be illustrated by the work 
it eliminates. For example: A 
three-inch metal cube at 500 de- 
grees centigrade immersed in 
water at zero degrees would re- 
quire 30 hours of mathematical 
computation per minute of cooling 
to chart temperature progress 
mathematically before its tempera- 
ture at the core dropped to that of 
the water. But using the Bur- 
roughs 220, it would require just 
12 seconds to do the same amount 
of calculation. 
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Although it costs $150 an hour 
for various University departments 
to use the Burroughs 240, gradu- 
ate students and others pursuing 
legitimate research projects are 
permitted to use it free of charge. 
The Computing Center usually has 
a waiting list, and quite often 
those conducting research must 
use the machines in the Center 
by night. The key machines in 
the Center are operating on a 24- 
hour schedule. 


FACULTY CONTRIBUTES 
TO ENCYCLOPEDIA 

Nineteen University faculty 
members served as contributors or 
consulting editors for the 15- 
volume Encyclopedia of Science 
and Technology, scheduled for 
publication by McGraw-Hill Book 
Company this fall. 

The Cornell professors were 
among 2,000 nationally and inter- 
nationally known authorities in the 
various scientific and engineering 
fields chosen to aid in preparing 
the publication, which is the larg- 
est of its kind ever to be published. 
More than 7,000 articles covering 
the entire field of science and tech- 
nology are included. 

Members of the engineering 
school faculty who contributetd in- 
cluded: Henry G. Booker, profes- 
sor and director, School of Elec- 
trical Engineering and assistant di- 
rector of the Cornell Center for 
Radiophysics and Space Research; 
James L. Gregg, professor of 
metallurgical engineering; Richard 
M. Phelan, associate professor of 


machine design; Benjamin M. Sie- 
gel, professor of engineering phys- 
ics; Clesson N. Turner, protessor 
of agricultural engineering; and 
Charles C. Winding, director of 
the School of Chemical and Metal- 
lurgical Engineering. 


MATERIALS SCIENCE CENTER 
ESTABLISHED AT CORNELL 

The Advanced Research Projects 
Agency, Department of Defense, 
disclosed in July that Cornell Uni- 
versity, University of Pennsyl- 
vania, and Northwestern Univer- 
sity have been selected to set up 
vastly enlarged programs for the 
expansion of basic research in the 
science of materials. 

Under an unprecedented long- 
term contract Cornell will receive 
$6.1 million for the first four years 
of this program, according to Presi- 
dent Deane W. Malott. 

The contract provides for inter- 
disciplinary research and graduate 
student training in materials and 
will combine the efforts of por- 
tions of five departments in two 
colleges at Cornell. Cornell will 
organize a Materials Science Cen- 
ter to administer the ARPA con- 
tract and to expand basic research 
and training of Ph. D. research 
scientists in materials. 

“Materials science” is the investi- 
gation of physical and chemical 
processes in solids such as metals. 
The design of new materials for 
nuclear reactors, rocket engines, 
transistors, and other modern de- 
vices is based on this kind of re- 
search. 


Cornell will construct a new $4 
million building on its campus 
within the next three years. The 
building will house graduate re- 
search of the Laboratory of Atomic 
and Solid State Physics, the admin- 
istrative offices of the Center, and 
several of the common technical 
facilities such as electron micro- 
scopes, ARPA will reimburse Cor- 
nell for construction costs of this 
building over a 10-year period 
after it is occupied. 

A substantial part of the $6.1 
million contract will go into re- 
search equipment, including about 
$700,000 for individual research 
projects and $1.2 million for com- 
mon facilities. The facilities will 
permit Cornell graduate students 
and staff to work with the most 
modern physical, chemical, and 
metallurgical techniques available. 

The basic research scientists 
who comprise the initial staff of 
the Center also will have use of a 
new atomic reactor being built by 
the University, the new $5.7 mil- 
lion research library nearing com- 
pletion, and other outstanding fa- 
cilities already extant at Cornell. 


The staff of the ARPA project 
will be faculty members and re- 
search associates already at the 
University. Additional faculty will 
be added during the next few 
years. Teaching and supervision of 
graduate student research will con- 
tinue to be the main tasks of these 
scientists. 

Initially, the work of the Lab- 
oratory of Atomic and Solid State 
Physics will comprise the largest 
part of the Center. This Labora- 
tory, which was organized a year 
ago, includes faculty and graduate 
students from the Department of 
Physics and the Department of 
Engineering Physics. Later, the 
greater growth of Metallurgical 
Engineering and Engineering Me- 
chanics and Materials will make 
these departments equally import- 
ant. 

Cornell was one of the first uni- 
versities to enter solid state phys- 
ics, which generally was not recog- 
nized as a distinct science until 
after World War II. Substantial 
parts of the work at Cornell are 
concerned with imperfections, 
transport processes, magnetic re- 


Cornell Laboratory engineer adjusts the Mark I Perceptron’s photo cell “eye” during 
a letter recognition training sequence. Note the letter C, at left, being shown to the 
eye. The cabinets to the rear contain the machine's “memory” and “response” units. 


sonances, internal friction, photo- 
chemical processes, surface phe- 
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nomena, ferroelectrics, magnetic 
phenomena in dilute alloys, optical 
processes in the far ultraviolet, 
x-rays, cooperative phenomena, 
ferromagnetism, many-particle 
theory, and thermal conductivity. 

A second area of emphasis in 
the Center is chemistry, with 
about a quarter of the current 
staff. This research is concerned 
with electron and x-ray diffraction, 
inorganic polymers, solid-vapor re- 
actions, electronic processes in ox- 
ides, diffusion in polymers, poly- 
mers under high pressure, catal- 
ysis, photoconductivity, and theo- 
retical physical chemistry. 

The third participating field of 
endeavor is metallurgy, with about 
a sixth of the staff working on met- 
allurgical science in the fields of in- 
termetallic compounds, freezing, 
transformations, solid-solution 
strengthening, nucleation, proper- 
ties of and phenomena in iron-base 
alloys, plastic deformation, and 
fracture. 

The fourth substantial research 
area represented is mechanics and 
materials, making up a tenth of the 
staff, Scientists in this field will 
deal with elastic constants as func- 
tions of pressure, ferroelectrics 
under impulse loading, and diffu- 
sion and creep under hydrostatic 
pressure. 

The number of professors in the 
Center will be increased from 
about 30 to about 60 in the next 10 
years. Four more areas of scientific 
investigation, namely mathematics, 
industrial engineering, geology, 
and electrical engineering, prob- 
ably will be added to the Center's 
research program in the near fu- 
ture. 

The Cornell Materials Science 
Center will enable interdisciplin- 
ary cooperation in the fields men- 
tioned, and the increased staff will 
permit the University to train 
about twice as many Ph. D. scien- 
tists in these areas of study. The 
entire research program conducted 
by the new Center will be inte- 
grated with the program for train- 
ing graduate students on a person- 
al basis in the use of methods and 
equipment that will be as modern 
as that in any industrial laboratory. 

One of the objectives of the pro- 
gram is to stimulate the under- 
standing necessary to exploit solid- 
state physics, chemistry, and physi- 
cal metallurgy to produce new ma- 
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terials or develop promising new 
processes. The term “materials re- 
search” will be defined broadly— 
encouraging flexibility in changing 
research emphasis or entering new 


fields. 


CAL DEVELOPS PATTERN 
RECOGNITION MACHINE 


The Mark I perceptron, an ex- 
perimental machine which can be 
trained to automatically identify 
objects or patterns such as letters 
of the alphabet, has been de- 
veloped by Cornell Aeronautical 
Laboratory Inc. 

The Mark I perceptron is a 
limited capacity version of what 
eventually may become a family 
of efficient pattern recognizing ma- 
chines. It was built to demonstrate 
and prove the feasibility of the 
basic perceptron concept which 
previously had been simulated on 
high-speed digital computers. 

The Mark I is an electromechan- 
ical device consisting basically of 
a “sensory unit” 7 photo cells 
which views the pattern shown to 
the machine, “association units” 
which contain the machine’s mem- 
ory, and “response units” which 
visually display the machine's pat- 
tern recognition response, 

Dr. Frank Rosenblatt originated 
the perceptron theory and has 
been in charge of the program 
since it began in 1956 at CAL. 

Dr. Rosenblatt pointed out that 


Martin Bingham 


Irven Travis, mathematician and chief 
of computer research at the Burroughs 
Corp., (seated) demonstrates the new 
Burroughs 220 computer installed at 
Cornell University’s Computing Center 
to guests in dedication. Standing left to 
right in the foreground about Mr. Travis 
are: Stanford S. Atwood, provost of Cor- 
nell; Arthur Grad, National Science 
Foundation; Richard C. Lesser, Cornell 
Computing Center director, and James 
L. Zwingle, Cornell vice president. 


“the Mark I system can perform 
only the pattern recog- 
nition tasks and is of scientific in- 
terest because of its use of new 
rinciples, rather than its present 
evel of performance, The Mark | 
represents the simplest of the var- 
ious types of theoretical models 
we are studying under the percep- 
tron program.” 

Dr. Marshall C. Yovits, Scientific 
Officer for the perceptron program 
pointed out “the fundamental sig- 
nificance of machines, like the per- 
ceptron, for eventual use in the 
of many scientific, en- 
gineering and military problems is 
recognized by the Services, partic- 
ularly for the processing A non- 
numerical information. Although 
human beings can normally handle 
these problems readily, machines 
would have obvious advantages 
and would supplement existing 
types of digital computers which 
handle numerical 
data.” 

Albert E. Murray, a CAL physi- 
cist studying perceptron applica- 
tions, listed some of the uses for 
which future perceptrons might be 
employed. 

“Perceptrons might eventually 
be used in many situations which 
now require human operators to 
differentiate between patterns,” 
Murray said. “Such machines 
would be much larger than the 
Mark I, although constructed on 
the same principles. They would 
have a variety of sensory inputs. 
For example, they would be able 
to receive audio as well as visual 
inputs. They would also contain a 
greater number of association and 
response units and, consequently, 
would be able to perform much 
more complicated recognition tasks 
than the Mark I. 

“It is possible that in the future 
a perceptron of much greater ca- 
pacity than the Mark I could be 
used to read print of various type 
faces and to recognize spoken 
words,” he said. “Similar machines 
might also be used to extract 
salient features from photographic 
information.” 

Considerable research and de- 
velopment effort lies ahead before 
perceptron-type machines are de- 
signed for such applications and 
it remains to be demonstrated that 
their use will prove economical, 
the CAL scientists noted, 
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CE PROFESSOR NAMED 
ASSOCIATE ENGINEERING DEAN 


Announcement was made in 
May of the appointment of Pro- 
fessor Gordon P. Fisher of the 
School of Civil Engineering as as- 
sociate dean of the College of En- 
gineering at the University. 

The new associate dean, a 
specialist in structural engineering, 
has been engaged continuously in 
teaching and research since he 
came to Cornell. Professor Fisher's 
research is concerned with lateral- 
ly-loaded steel columns and with 
combined bending and torsion of 
reinforced concrete beams. He cur- 
rently manages the structural test- 
ing facilities at Cornell and is in 
charge of training all research as- 
sistants there. 

The new structural model anal- 
ysis laboratory and much of its 
equipment, housed in the new civil 
engineering building at Cornell, is 
his creation. When completed the 
laboratory will offer extensive 
equipment for analysis of struc- 
tures in both elastic and plastic 
modes and will include complete 
shop facilities to support student 
and faculty research. 

Professor Fisher currently 
teaches graduate courses in ad- 
vanced structural analysis which 
for the first time treat in some de- 
tail methods of structural analysis 
for application to digital comput- 
ers. He also teaches structural de- 
sign and is collaborating in the 
writing of a textbook on this sub- 
ject. 

For the past three years Profes- 
sor Fisher, as consultant on a large 
atomic power plant now under 
construction, has been actively en- 
gaged in the analysis and design 
of containment structures for nu- 
clear power reactors. This is a rela- 
tively unexplored field of en- 
gineering which is concerned 
mainly with methods to prevent 
the spread of fission products upon 
a surrounding community in the 
unlikely event of a nuclear mal- 
function or accident. 

Professor Fisher came to Cornell 
in 1948, became an associate pro- 
fessor in 1951 and a professor in 
1959. He has worked with the Na- 
tional Advisory Committee for 
Aeronautics on aircraft structural 
research, the Maryland State 
Roads Commission as a bridge de- 
signer, and the Pittsburgh-Des 
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Moines Steel Co, as a principal de- 
sign engineer. 

The Professor received his 
bachelor of engineering degree in 
1942 and his doctor of engineering 
degree in 1948 from The Johns 
Hopkins University, Baltimore, 
Maryland. 

He is a fellow of the American 
Society of Civil Engineers and a 
member of its Committee on Elec- 
tronic Computation, Structural Di- 
vision, He is also a member of 
the American Concrete Institute 
and chairman of its technical com- 
mittee on torsion in reinforced 
concrete, as well as a member of 
the International Association for 
Bridge and Structural Engineering. 
He belongs to Tau Beta Pi and 
Chi Epsilon, national engineering 
honoraries, and Sigma Xi Society, 
honorary research society which 
was founded at Cornell. 


ME SCHOOL 
AWARDS PRIZES 

Mare Fishzohn, ME ‘60, was the 
recipient of the 1960 Hamilton 
Watch Award, given to the senior 
in the College of Engineering 
“who has most successfully com- 


bined proficiency in his major field 
of study with achievements either 
academic, extracurricular, or a 
combination of both in the social 
sciences and humanities.” 

He served on the Planning 
Board of the Campus Conference 
on Religion, the Executive Com- 
mittee of Orientation Counselors, 
and was the holder of Theta Delta 
Chi’s “Outstanding Senior at Cor- 
nell Award.” He was president of 
his fraternity, Sigma Phi, and pres- 
ident of Tau Beta Pi. He is a mem- 
ber of Red Key, Scabbard and 
Blade, and Quill and Dagger 
honorary societies on the campus, 
as well as Pi Tau Sigma and Phi 
Kappa Phi, national scientific hon- 
oraries. He has five Navy ROTC 
awards, and is the winner of 
several nation-wide essay contests. 
He ranked third in his class, and 
held several scholarships. 

Other mechanical engineers re- 
ceiving awards were Edward J. 
Ignall and Robert Shaw, Jr., ’60, 
who received Sibley Prizes; 
Leonard H, Copeland, ‘60, the 
Machine Design Award; and Ro- 
bert Shaw, Jr., the Air Condition- 
ing Award. 


Gyro spin motor produced by Fafnir for 8-58 Hustler bomber. 


FAFNIR BEARINGS STEER THE HUSTLER 


In assembling gyro spin motors from sup- 
plied parts, a navigational instrument 
maker found that tolerances piled up, 
affecting motor performance. Solution? 
Production of the complete motor by 
Fafnir. An unusual assignment for a ball 
bearing manufacturer. But one that shows 
the capabilities of America’s largest inde- 
pendent manufacturer of ball bearings 
... 8ix plants, over 1% million sq. ft. of 
production space. 


Looking for the unusual in an engineer- 
ing career? At Fafnir, your assignments 
will keep you “at the turning points of 
progress” with a company recognized 
everywhere for leadership. For infor- 
mation, write Mr. H. B. Van Dorn, Direc- 
tor of Engineering, The Fafnir Bear- 
ing Company, New Britain, Conn. 
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For the man 
who likes to make 
his own 
career decisions 


The Allis-Chalmers Graduate Training Course 
is based on freedom of opportunity. You will 
have up to two years of practical training to 
find the right spot for yourself. At the same 
time, you enjoy a steady income. You can ac- 
cept a permanent position at any time — when- 
ever you can show you are ready. 

You help plan your own program, working 
with experienced engineers, many of them grad- 
uates of the program. Your choice of fields is 
as broad as industry itself —for Allis-Chalmers 
supplies equipment serving numerous growth 
industries. 

A unique aspect of the course is its flexibility. 
You may start out with a specific field in mind, 
then discover that your interests and talents lie 
in another direction. You have the freedom to 
change your plans at any time while on the 
course. 

Types of jobs: Research * Design * Development * Manvfac- 
turing * Application * Sales * Service. 

industries: Agriculture * Cement * Chemical * Construction * 
Electric Power * Nuclear Power * Paper * Petroleum * Steel. 


Equipment: Steam Turbines * Hydraulic Turbines * Switchgear 
* Transformers * Electronics * Reactors * Kilns * Crushers * 
Tractors * Farth Movers * Motors * Control * Pumps * Engines: 
Diesel, Gas. 
Freedom of Opportunity opens the doors to chal- 
lenging and interesting careers. Among them is 
our Nuclear Power Division, with an engineering 
staff in Washington, D. C., a new research and 
development center in Greendale, Wis., and an 
important research effort at Princeton University 
involving power from the hydrogen atom, For de- 
tails on the opportunities available, write to Allis- 
Chalmers, Graduate Training Section, Milwaukee 
1, Wisconsin, 

A-1192 


ALLIS-CHALMERS <<) 


THE CORNELL ENGINEER 


When writing to advertisers please mention the Connect. ENcIneen. 


‘ 
= 
Ree 
A 


an environment of inquiry and research 
prevails at Hamilton Standard 


Your advanced degree can be judiciously applied at Hamilton 
Standard. Far-reaching and important projects dealing with 
sophisticated space vehicle equipment as well as a diversi- 
fied list of new product programs will enable you to utilize 
your knowledge and capabilities on a high level. 


UNEXCELLED FACILITIES. In addition to Hamilton Standard 
Experimental Laboratories our personnel have available to 
them the research and development facilities of United Air- 
craft Corporation, considered the finest privately-owned in- 
stallations in the industry. 


A “MID-POINT” LOCATION. Our location in the picturesque 
Connecticut countryside offers pleasant, leisure-time living. 
Yet, we are only a short distance from Boston and New York 
and the important research centers of the East. 


A HEALTHY OUTLOOK. Hamilton Standard has been a major 
force in the aerospace industry for over forty years. The 
company continues to be deeply involved with major advances 
in the field of missiles and space flight However, a dynamic, 
well-balanced program of product diversification is now 
applying the resources and talents of the company to entirely 
new industries. The opportunity for knowledgeable, younger 
men to assume challenging positions is outstanding. 
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PROMISING NEW PRODUCT. The Haomilton-Zeiss Electron Beam 
process, using @ controlied high density stream of electrons to 


being explored co ing the El 
Advanced Electron Optics, High Vocuum Systems, High Voltage 
Apporetus, Electro-Magnetics and Automation. 


TALK OVER your career requirements with the 
Hamilton Standard graduate school representative 
. . . then visit our facilities and meet scientists 
working on the Electron Beam process, For further 
information write: Mr. R. J. Harding. 


HAMILTON STANDARD DIVISION 
an organization dedicated to Shinty and Engineering Excellence 


UNITED AIRCRAFT CORPORATION 
WINDSOR LOCKS, CONNECTICUT 


When writing to advertisers please mention the Cornett ENcIneer. 
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Facts about chemical industry 
growth that can be 
important to your future career 


Did you know that the chemical industry has grown at a rate of about 
10% per year since 1929, as compared with only 3% for the econ- 
omy as a whole? It's a fact! And there's every reason to believe that 
this favorable growth rate will continue. 


For the graduating chemist or chemical engineer, this spells oppor- 
tunity. Opportunity to grow with a growing industry. 

Allied Chemical, for example, now produces more than 3,000 diver- 
sified chemicals at over 100 plants throughout the country. Many of 
these products are basic—used in volume by almost every industry. 
Allied is at the heart of the nation’s economy and looks forward 
to continued growth and stability. 


Ask our interviewer about career opportunities at Allied when he 
next visits your campus. Your placement office can give you the date 
and supply you with a copy of “Your Future in Allied Chemical." 
Allied Chemical Corporation, Department 106-R1, 61 Broadway, 
New York 6, New York. 


DIVISIONS: 


BARRETT * GENERAL CHEMICAL 
INTERNATIONAL * NATIONAL ANILINE 
NITROGEN ¢ PLASTICS AND 
COAL CHEMICALS SEMET-SOLVAY 

SOLVAY PROCESS 


BASIC TO AMERICA’S PROGRESS 
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EXHIBIT CELEBRATES SPERRY CENTENNIAL 


by John W. Hughes EP °64 


An assemblage of over 150 prom- 
inent people was on hand early in 
the summer for the opening cere- 
monies of the Sperry Centennial 
Exhibit at the Smithsonian Insti- 
tute in Washington, D.C. 

Among those present was Com- 
mander William R. Anderson, skip- 
per of the nuclear submarine, Nau- 
tilus, the first to be guided under 
the polar ice cap by a Sperry gyro- 


com pass. 


Dynamos and Arc Lights 

Elmer Ambrose Sperry was born 
in Cortland, New York, on Oc- 
tober 12, 1860. In his boyhood his 
inventive bent was soon evident. 
He built windmills, batteries in 
glass jars, and a tricycle he could 
ride on the railroad tracks, just 
ahead of the slow-moving freights. 
While attending the State Normal 
School, which was at that time a 
pioneer in electrical instruction, he 
visited Cornell University, twenty 
miles away by horse and buggy. 

At nineteen Sperry built an are 
light and later a generator at the 
works of the Cortland Wagon 
Company, and illuminated the 
Cortland Christmas festival in 
1879. In 1880 he moved to boom- 
ing Chicago and opened the 
Sperry Electric Iluminating and 
Power Company. In addition to 
the installation of arc lights on sev- 
eral of Chicago's larger streets, 
he installed a corona of lights on 


the tower of the Board of Trade 
Building aggregating over 40,000 
candlepower — the highest and 
most powerful beacon of its time. 


Electric Locomotives 

After his dynamos had become 
widespread, and transmission lines 
had been built, Sperry turned to 
inventing electrically-operated ma- 
chines. While on his honeymoon in 
1887, Sperry had an invitation to 
go down into a coal mine. He be- 
came interested in the improve- 
ment of mining machinery, and 
within a year had designed the 
first electric coal punching ma- 
chine—which later was replaced by 
his continuous chain cutters, 

To haul out the increased coal 
production of his mining machines, 
Sperry developed an electric loco- 
motive which could haul 1000 tons 
a day. This naturally led to the 
Sperry electric trolley car to which 
he applied the same electric drive 
which had been so successful in 
the electric locomotives (four- 
wheel trucks, with geared single 
motor drive.) The Sperry Electric 
Railway Company was organized 
in 1890, although the newly 
formed General Electric Company 
bought the business and patents in 
1894. 


The Gyroscope 


Sperry’s most famous product, 
and that which is still associated 


The Sperry News 


IN HONOR OF ELMER A. SPERRY — Exhibit, marking the centennial of Dr. 
Sperry’s birth, is displayed at the National Museum Branch, Smithsonian Institution, 
Washington, D.C. In five parts, the exhibit covers much of Dr. Sperry’s personal 
Achievements and correspondence with famous people. Other sections feature Sperry 
Gyroscope Company's vast contributions on land, sea, in the air, and in space. 
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with his name, is the gyroscope. 
After a rough crossing to Europe 
in a large passenger liner, he en- 
visioned the use of a gyro-stabiliz- 
er for ships. 

Sperry developed a gyro-stabil- 
izer for the naval destroyer Wor- 
den and installed it in 1913. This 
was followed by many more stabil- 
izers of various sizes, the largest 
being a three-gyro system for the 
liner Conte Di Savoia. 

Another use of the gyro which 
interested Sperry was the gyro- 
compass. Due to the extensive 
amount of metal on the steel bat- 
tleship, magnetic compasses had 
proved inaccurate and unreliable. 
By April 19, 1910, development of 
his gyro-compass was proceeding 
so rapidly that Sperry organized 
the Sperry Gyroscope Company to 
produce gyroscopes for ships ‘and 
aeroplanes. 

Sperry also developed the most 
important airplane instrument of 
its time—the instrument that first 
made it possible to fly blind at all 
—the Gyro Turn Indicator—a basic 
fiight instrument still found in ev- 
ery aircraft. 


Sperry the Man 

Sperry was outwardly an un- 
usually self-confident and optimis- 
tic person. He was a_ prodigious 
worker and budgeted his time to 
an exact schedule. He even de- 
signed a circular, spiralled slide 
rule which he could work with one 
hand while he jotted down his 
computations with the other. He 
filled more than 60 notebooks with 
writing and sketches as ideas oc- 
curred to him. 

A well tailored, distinguished 
man, Sperry was noted for his in- 
terest in the theater, golf and other 
sports. Yet his chief love of life 
was technology and his greatest 
elation came after a technical tri- 
umph. 

At all times he displayed those 
qualities which inevitably lead to 
success. He was physically and 
mentally fit, socially persuasive, 
tenaciously self-confident and, 
above all, intensely interested in 
delving into the unknown. 
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TECHNIBRIEFS 


ONE-INCH FALL FATAL 


A missile may fail in its mission 
because a worker on the assembly 
line let a part drop one inch on a 
workbench, American Machinist / 
Metalworking Manufacturing, re- 
ports. Tests show that when instru- 
ments fall one-to-three inches, 
forces up to 20 times those of 
gravity strike them, and the results 
are sometimes disastrous. 


OTHER PUBLICATIONS 
PUSHBUTTON HIGHWAY AID 


Pushbutton emergency call 
boxes, powered by the sun, soon 
may be dotting the nation’s high- 
ways, reveals Product Engineering. 
The _ transmitter, designed for 
mounting on poles, has pushbut- 
tons for summoning fire, police, 
ambulance or service help. The 
battery pack is powered by solar 
energy, trapped through five sili- 


con cells atop the unit. 


ALUMINUM FROM COAL 


If an Ohio coal mine's plans to 
build an aluminum sulfate plant 
materialize, the North American 
continent will gain an important 
hew source of aluminum, declares 
Chemical Engineering. Along with 
coal, the mine each year produces 
millions of tons of 20-25 per cent 
alumina-bearing shale that have 
been previously discarded as 


waste. 


THRUST REVERSER PERMITS 
SHORTER LANDING STRIPS 


Rohr Aircraft Corporation, Chu- 
la Vista, California, has developed 
a thrust reverser for Lockheed’s 
JetStar. Thus, this new executive 
jet can land at airports that have 
relatively short landing strips. 

This, in effect, enhances the 
value of jet travel for industry ex- 
ecutives since, in many instances, 
it enables them to land closer to 
their destination rather than seek 
out a large metropolitan airport. 
Distance and time between air- 
port and appointment are reduced. 

Reversal of a jet engine’s thrust— 
which could loosely be compared 
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to an automobile brake —is ob- 
tained by closing across the path 
of the exhaust two clamshell doors 
which, when closed, divert the 
thrust upward and downward at a 
forward angle. The result is a 
substantial slowing-down of a 
plane without a marked cutback 
in engine power, permitting a jet 
to land on a shorter runway. 


MECHANICAL FISH STUDIED 


Scientists are using mechanical 
fish to find out why fish move 
through the water ten to twelve 
times more efficiently than anything 
man can build, Control Engineering 
reports. The mechanisms simulate 
movements of fish under various 
wave conditions. 


ATOMIC JEWELRY 


Gadgets that measure the radi- 
ation exposure of atomic workers 
look strangely like items of per- 
sonal jewelry, reports Chemical 
Engineering. Beta-gamma_ dosi- 
meter tubes are clipped into work- 
ers’ pockets like oer pens, film 

badges clip on to lapels like 
brooches, and jet-like black finger 
rings measure radiation dosage to 


the hands. 


WESTINGHOUSE BUILDS LARGEST 
THERMOELECTRIC POWER 
GENERATOR 


Westinghouse has announced the 
successful development for the Bu- 
reau of Shi U.S. Navy, of the 
most i] thermoelectric gen- 
erator ever built. The generator de- 
livers five kilowatts of electric 
power by the direct conversion, 
without major moving parts, of 
heat into electricity. It is 50 times 
more powerful than any pre- 
viously described thermoelectric 
power plant. 

The new generator is an experi- 
mental unit intended for evalua- 
tion of power generating materials 
and fabrication techniques which 
have been produced under a 
Navy-sponsored thermoelectric 
materials research program. New 
materials developed by this pro- 


gram in the last three years have 
tripled the efficiency with which 
heat may be directly converted to 
electricity. This high rate of prog- 
ress supports Navy 1 for an 
early achievement of practical 
thermoelectric generators of con- 
siderably larger size. 


RADIOACTIVE TRITIUM USED TO 
STUDY CHEMICAL REACTIONS 

A radioactive ball, smaller than 
the head of a pin, has made it pos- 
sible to trap and study atoms that 
are responsible for triggering most 
chemical reactions, including those 
involving living cells, a Ford 
Motor Company scientist an- 
nounced recently. 

The radioactive element used in 
the new process is tritium, similar 
to hydrogen, but heavier and hav- 
ing a different nucleus, Changed 
from its natural gaseous form into 
a solid by immersion in liquid 
helium at ~—450° F., the tritium 
molecule decomposes, with one of 
its two atoms turning into helium, 
the other becoming a free radical. 
As free radicals are extremely re- 
active and combine readily with 
everything with which they come 
into contact, the super-cold tem- 
perature is necessary to slow down 
this tendency to recombine and 
permits them to be studied with 
magnetic equipment. 

By applying microwaves of uni- 
forra frequency but varying mag- 
netic fields to single atoms of tri- 
tium, the nature and the magnetic 
qualities of the substance can be 
determined by noting the amount 
of microwave energy absorbed. An 
atom is, in effect, a bar magnet 
due to the motion of electrons; 
similarly is the atom’s nucleus an 
even smaller bar magnet due to 
the action of nucleons. By using 
microwaves to incline the axes of 
these magnets, a process known 
as paramagnetic resonance, the 
differences between tritium and 
hydrogen are readily apparent 
when their nuclear magnets are 
compared, and the differences be- 
tween the nuclear and electron 
magnets in the tritium atom also 
can be noted. Measurement of the 
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wavelengths yields additional data 
about the impurity of the atom. 

This is the first time tritium in a 
solid form has been studied by 
paramagnetic resonance. Radio- 
active materials previously have 
been used as tracer elements in 
scientific research, but with a dis- 
tinct difference from free radical 
work. 


NEW COMPUTER WILL GUIDE 
TACTICAL MISSILES 

Greatly increased capacity, 
scope, and performance in airborne 
digital computers has become pos- 
sible with the introduction of a 
new instrument developed by Li- 
brascope Division, General Pre- 
cision, Inc. 

The LIBRAGAL will be used in 
the guidance system of a tactical 
missile. Contract specifications call 
for a program which will evaluate 
the feasibility of a target, control 
the countdown, raise the launcher, 
fire the missile, provide flight navi- 
gation and guidance and, finally, 
detonate the missile on target. 

Within the general-purpose ele- 
ment, the LIBRAGAL utilizes what 
are believed to be the most ad- 
vanced air-cooled sandwich-type 
logic cards ever developed. Use of 
this type of plug-in card made it 
possible to contour the computer 
package to fit the curved shape of 
the interior surface of the missile 
shell. With this shape, the com- 
puter occupies a 60-degree sector 
of the missile’s circumference, ex- 
tending to within approximately 6 
inches of the central axis of the 
missile and giving the computer a 
cross section shaped roughly Jike 
a keystone. 

Components for the general- 
purpose computer are all standard 
production items. Capability and 
reliability were chief factors in the 
selection of diodes, transistors, 
transformers, and other elements. 
Microminiature elements which 
had not been thoroughly tested for 
operational life and reliability were 
bypassed. 


LIGHTWEIGHT MIRRORS FOR 
SPACE TELESCOPE 


New lightweight mirrors of 


ing mirror blanks made by an un- 
usual sandwich construction that 
reduces size and weight of mount- 
ing and auxiliary equipment, vital 
considerations in aerospace tele- 
scopes. 

Because they require less elab- 
orate supporting structures, these 
reflective disks also offer an ad- 
vantage in ground observatory in- 
stallations. 

The mirror blanks consist of two 
fused silica plates separated by 
walls or tubes of the same high- 
purity glass. The ribs are perma- 
nently sealed to each plate under 
intense heat. 

With this type of construction, 
mirror weight can be reduced to 
half that of a solid disk with equal 
surface area, 

The near-zero thermal expansion 
of fused silica means the mirrors 
will retain their shape under sud- 
den and extreme temperature 
changes. The ribs help maintain 
rigidity. These qualities assure dis- 
tortion-free images even in hostile 
environments. 


TV CAMERA DEVELOPED FOR 
RUGGED ENVIRONMENTS 


Development of the world’s most 
rugged television camera, built to 
withstand weather, shock, vibra- 
tion, noise, salt spray, dust, and 
other extremes of environment 
without an auxiliary protective 
housing has been announced by 
Dage Television Division of 
Thompson Ramo Wooldridge Inc. 

Engineered to military require- 
ments for use in all types and 
phases of missile and aircraft pro- 
grams, this instrumentation cam- 
era is applicable for wide indus- 
trial usage in mines, chemical 
plants, oil refineries, powder plants 
and other areas where a high 
performance, rugged camera is 
needed. 

The system is totally transis- 
torized, eliminating microphonics 
and erratic operation often caused 
by high acoustical noise levels, vi- 
bration and other environmental 
circumstances. It employs modu- 
lar construction, using plug-in 
transistorized printed circuit mod- 


Corning Glass Co. 


fused silica have been developed 

for use in missile, satellite, and 

airborne telescope systems. 
Corning Glass Works is produc- 


Made by an unusual sandwich-type construction, these lightweight telescope disks 

have been developed by Corning Glass Works for use in missiles, satellites and air- 

craft. The mirrors consist of two plates of fused silica, held apart by ribs or tubes of 

the same high purity material. This weight-saving construction makes the mirrors light 
enough for compact telescopes needed in outer space photography. 
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ules, each representing a particu- 
lar function of the camera. 

The simple straightforward con- 
cept of this equipment lends itself 
to further design of transitorized 
systems, and special television 
equipment to meet requirements 
of the military and industry with 
problems of rugged environment 
instrumentation. 


QUARTZ CELL WILL 
MEASURE ROCKET THRUSTS 


A new 510 Quartz Load Cell, 
featuring high capacity, excellent 
repeatability, and utmost rigidity 
in a small package, has just been 
introduced by Kistler Instrument 
Corp., Tonawanda, N.Y. 

Although basically a dynamic 
instrument for measuring changes 
in load, accurate static measure- 
ments are possible over a few 
minutes time interval, making it 
ideal for rocket engine thrust 
measurements, 

Measuring less than ¥” diameter 
by %” long, the 510 deflects less 
than .001 inch under a rated maxi- 
mum load of 5000 Ibs. One-hun- 
dredthi of a pound variation in load 
can be measured at any level from 
0 to 5000 Ibs. 

Static pressure signals, caused 
by loads existing before a measure- 
ment, can be eliminated by mo- 
mentarily grounding the signal 
lead. Basically designed for com- 
pressive forces, the 510 will also 
measure very small tensile forces, 
as it has a preload on the crystal. 
With a special tension adaptor, 
however, it can be converted 
readily for measuring large tensile 
forces. 


FAST MAGNETIC SWITCH 
DECREASES ACTUATION TIME 

A team of engineers at Bell Tele- 
phone Laboratories has invented 
a very fast electromechanical 
switch called the “ferreed.” It 
utilizes a new technique for actu- 
ation which is compatible in speed 
with electronic circuits. 

Magnetic materials that can be 
quickly switched between two 
alternate states have been widely 
used as “memories” for storing in- 
formation in digital computers. 
The useful output from these ele- 
ments has generally been limited, 
however, to electrical signals of a 
transistory character. 
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In conventional electromagnetic 
relays, on the other hand, continu- 
ous electrical currents can be used 
to open and close metallic con- 
tacts for extended periods of time, 
but at speeds limited by the me- 
chanical motion of the moving 
parts. 

The ferreed combines the rapid 
switching of bistable magnetic ma- 
terial with metallic contacts for 
output indications that persist as 
long as desired without further 
application of power. In several 
models of the device, a cobalt fer- 
rite has been used as the magnetic 
material and a glass-sealed mag- 
netic reed switch for the output 
contacts, hence the name, : 
reed.” 

In operation, the magnetic ma- 
terial is switched by a magneto- 
motive force applied, typically, as 
a five-ampere current pulse in a 
thirty-turn winding. Control pulses 


Bell Telephone Co. 


In this two-branch “Ferreed,” an electro- 
mechanical switch developed at Bell 


Telephone Labs, the plastic end-pieces 
magnetically circuits the ferrite bars to 
the magnetic reed switches. The passage 
of magnetic flux through the reed 
switches closes the circuit. 


as short as five microseconds will 
switch the magnetic material, re- 
sulting in the passage of magnetic 
flux through the movable members 
of the reed switch. Actual closure 
of the contacts is delayed by in- 
ertia of the reeds for several hun- 
dred microseconds. 

Release of the contacts is brought 
about by cancellation of the mag- 
netic flux through the reeds, as the 
result of another five-microsecond 
switching operation. Opening of 
the contacts requires less time than 
the closing operation. 


MYSTERY HEAT RESISTOR 
An English plastics firm has an- 
nounced discovery of an unidenti- 


fied family of polymers that retain 


their strength at temperatures as 
high as 1,110F., according to 
Chemical Engineering. 
over 500F. has been consider 

outstanding for plastics. Applica- 
tions for the new materials are ex- 
pected in missiles and high speed 


aircraft. 


NEW ELECTRONIC TUBE 
MAKES ELECTRONS VISIBLE 


A small electronic tube, devel- 
oped by scientists at the apex J 
house research laboratories, reac 
es the near ultimate in the ability 
to amplify ordinary light. The 
tube, known as the Astracon, is so 
sensitive that it makes visible a 
single electron, released at the 
tube’s input by an individual pho- 
ton, the smallest unit quantity of 
light that exists. 

The Astracon tube operates upon 
a unique amplifying principle dis- 
covered at the Westinghouse re- 
search laboratories five years ago. 
The image of an object, so dim 
that it is invisible to the naked eye, 
is focused by lenses onto a light- 
sensitive screen, called a_photo- 
surface, at the input end of the 
tube. The individual particles of 
light, or photons, arriving from the 
scene strike the surface and eject 
electrons from it. 

Each ejected electron is then 
accelerated forward by 2000 volts 
and strikes head-on into a thin 
two-layer film, only a few mil- 
lionths of an inch thick. The front 
surface of the film is aluminum; 
on its back surface is deposited a 
slightly thicker layer of an insulat- 
ing material. When a high-speed 
electron crashes into the film, it 
penetrates into the insulator and 
releases four or five additional 
electrons. These are accelerated 
into a second film, or dynode, 
where the electron multiplication 
is repeated, 

By using five such steps, a single 
electron is multiplied into about 
3000, These are given a final 20,- 
000-volt boost and are aimed into 
a thin layer of fluorescent material 
at the output end of the tube. 
Here they release 20,000 or more 
photons of visible light. Thus, if 
the light striking the input photo- 
surface is in the form of a dim, in- 
visible image, the Astracon exactly 
reproduces that image on its out- 

ut, only thousands of times 

righter. 
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Forthcoming space exploration 
will require exotic fuels and new concepts in 
energy conversion to keep men alive and equip- 
ment operating for long periods of time beyond 
the earth’s atmosphere. Advanced hydrogen sys- 
tems recently developed by The Garrett Corpora- 
tion have solved this problem of providing the 
electrical, hydraulic and pneumatic power, plus 
cooling and heating required aboard a satellite or 
space capsule during launching, outer space flight 
and re-entry. 

Besides such spacecraft and missile systems, 
other product areas in which Garrett engineers 
work include small gas turbine engines, flight 
data systems for air and underwater use, nuclear 
and solar power systems, cryogenic systems and 


OUT OF THE LABORATORY 


controls, and air conditioning and pressurization 
systems for conventional aircraft and advanced 
flight vehicles. 

Such diversity of interest not only makes work 
more interesting at Garrett, but gives the engineer 
an opportunity to increase his knowledge and 
chances for responsibility and advancement. 

An orientation program lasting a period of 
months is also available for the newly graduated 
engineer, working on assignments with experi- 
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable area of interest can be found. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems and Components for: AiRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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HEART OF THE POWER-SEAT MECH- 
ANISM ... Two slave units, on the left 
and right sides of seat, are driven by flexi- 
ble shafts to provide three-way motion. 


Flexible Shafts Solve Space Problems in Chrysler Power-Seat 


Chrysler Corporation faced a design challenge 
in its power-operated seat adjuster. Six-way mo- 
tion was called for: fore and aft, up and down, 
and tilt. Yet there was limited space under the 
seat for the mechanism. After much Chrysler 
testing and development, a design submitted by 
subcontractor Ferro Stamping Company was 
approved, utilizing flexible shafts. 

According to Chrysler, the decision to go to 
flexible shafts was based on the following ad- 
vantages: 


1. SPACE ECONOMY ...“flexible shafts pro- 
vided means to transmit power from a single elec- 


S. S. WHITE INDUSTRIAL DIVISION, Dept. C-2, 10 East 40th Street, New York 16, N.Y. 1080 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition... Send for your free copy! 
This authoritative handbook has been 
recently revised to include new selec- 
tion and application data for S. S. 
White Standard . . . Pre-engineered .. . 
Custom-designed flexible shafts. 


When writing to advertisers please mention the Conne.t ENGINEER. 


A single Y%-hp motor attached to a te 
geared drive unit is the power source. 4 
Flexible shafts rotate at 1250 rpm, carry 

9 in.-lbs. of torque at running load (three } 
persons) and 15 in.-Ibs. at full stall speed. 


tric motor, without compromising seat design.” 

2. REDUCED STRESSES... .“flexible shafts 
act as torsion bars to reduce motor armature 
stresses induced when the mechanism was 
stopped or stalled suddenly.” 

3. RELIABILITY...“not a single shaft fatigue 
failure reported from the field to date.” 

4. LOW COST...“flexible shafts definitely rep- 
resented savings without sacrificing design ad- 
vantages.” 

Investigate for yourself how flexible shafts 
can solve many of your design problems and at 
the same time reduce costs! 
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Research at Cornell... 


PROF. ROSSON HEADS 
HIGH VOLTAGE LAB 


Professor Joseph Rosson, of the 
School of Electrical Engineering, 
has been director of the Extra 
High Voltage Cable Lab at Cor- 
nell for the past two years and 
will continue to direct testing of 
cables at the lab for the next three 
years, 

Professor Rosson came to Cor- 
nell in 1947 as a graduate student 
and received his MEE in 1950 

Professor Rosson has undertaken 


Brad Smith 


These high voltage terminals are cap- 
able of withstanding the 500 KV that 
is often used to test cables. 


various research projects since 
coming to Cornell. In conjunction 
with the Cornell Aeronautical Lab- 
oratory, Professor Rosson and three 
associates developed a computer 
for the Lacrosse missile which 
processed information from radar 
and fed the results to the missile. 
Thinking of his project, Professor 
Rosson said that the project would 
“not be possible to do today at the 
same price” and in the same time. 
For two years, he was also direc- 
tor of a project for the study of 
ionospheric refraction. 

At present, Professor Rosson is 
pss engaged as director of a 
project for the testing of high volt- 
age cables. The project is spon- 
sored by the Association of Edison 
Illuminating Companies, a group 
of twenty-four of the largest utility 
companies in the United States, 
with the co-operation of the four 
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largest cable companies in the U.S. 
The studies are for the develop- 
ment of cable transmission systems 
for the underground transmission 
of power, with the present antici- 
pation of up to 500 megavolt- 
amperes. The voltage will range 
from 350 KV to 500 KV. 

This summer a testing and re- 
search station, located on Mitchell 
Street, adjacent to the Cornell cam- 
pus, was completed at a cost of 
over one million dollars. The sta- 
tion is capable of handling 500 KV 
and carries loads in excess of 
10,000 kilo-volt amperes, All cable 
specimens are unique in construc- 
tion and design. The testing will 
include dielectric studies and heat 
flow studies in nonlinear systems. 
It is expected that study and eval- 
uation will be completed by Sep- 
tember, 1963. 

Professor Rosson is married and 
has one child. For relaxation, he 
likes to go bowling and play golf. 
While at Cornell, Professor Rosson 
has taught servo-mechanisms, elec- 
trical measurements, and _ basic 
electronics. He has represented 
Cornell at conferences of the 
AIEE and was a joint representa- 
tive to the Union of Radio and 
Scientific Internationale. 


Brad Smith 

Two specially made Westinghouse trans- 

formers supply the high voltage needed 
for the project. 
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CRESCENT 


Insulated Wires and Cables 


Pictured here are just a 
few of the many wires 
and cables made by 
CRESCENT. They have 
an enviable reputation 
for quality and endur- 


ance. 


CRESCENT INSULATED WIRE & CABLE CO. 


TRENTON, N. J. C. Edward Murray, Jr. ‘14 


PIPE-VALVES 
FITTINGS 


STEEL... PLASTIC... ALUMINUM 
STAINLESS ... WROUGHT IRON 


We carry the finest drawing & engi- 
neering equipment manufactured to- 
day and welcome written inquiries. 
Our supplies include: 


KEUFFEL & ESSER COMPANY 
EUGENE DIETZGEN COMPANY 


CHAS. BRUNING CO., INC. 


Bior PILING & FREDERICK POST CO. 
ACCESSORIES PICKETT & ECKELS, INC. 


We'll be pleased to see and hear from 


PIPE FABRICATION 


LIGHTWEIGHT SPEEDIAYs PIPE SYSTEM 


ARTHUR A. GREEN, M.E., '49 


WRITE FOR FREE GROCHURE 


Tir). ALBERT PIPE SUPPLY CO., INC. 


VARICK AVE., BROOKLYN 37, WN. Y. 
TELEPHONE: HYACINTH 7-4900 
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The Cornell Campus Store 
Barnes Hall 
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During the past summer a num- 
ber of changes in the curriculum 
of Sibley College and improve- 
ments in the equipment have been 
carried out, to make more ade- 
quate provision for the steadily in- 
creasing registration in mechanical 
engineering. 

A forty foot extension was 
added to the Foundry, making the 
total working space at present one 
hundred and eleven by forty feet. 
Two new hand moulding ma- 
chines, a core oven and a new lot 
of shovels were added to the foun- 
dry equipment. A new apparatus 
for starting the fire in the cupola 
consists of a kerosene tank from 
which, by means of compressed 
air, a fine spray of the fuel is 
forced into the bottom layer of 
coke. Mr. Vanderhoef is still in 
charge and looks forward to a 
busy year. 

This year, for the first time, the 
Sophomore course in mechanics, 
and the Junior course in hydrau- 
lics, will be given under the im- 
mediate supervision of Sibley Col- 
lege. Formerly these courses, al- 
though a part of the required cur- 
riculum, were given in the College 
of Civil Engineering. The reason 
for the change is that it is desired 
to get in closer touch with the stu- 
dents taking these courses, so that 
the work may be a better ante- 
cedent to the more practical en- 
suing courses. The text books used 
will be those of Professor Church, 
as formerly, but the methods of 
instruction will differ slightly. 

A new wood floor has replaced 
the old cement one in the machine 
shop, having been laid during the 
spring and summer, It is very solid- 


ly supported by a concrete sub-floor 
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FIFTY YEARS AGO 
THE ENGINEER 


which absorbs the vibrations 
caused by the machines. The ma- 
chines themselves have been rear- 
ranged so as to get the most pos- 
sible floor space for the operators. 
—The Sibley Journal, October, 
1910. 


With this issue the sisLey jour- 
NAL enters upon the twenty-fifth 
year of its existence as a technical 
periodical representing the inter- 
ests of the various branches of en- 
gineering in Sibley College. In 
general the passing of each year 
has left its mark of betterment and 
improvement; each succeeding 
volume has been a step forward. 
The advance, however, although 
it has been, except for occasional 
short periods of dormancy, steady 
and unbroken, has not kept an 
even pace with the wonderful 
progress made by Sibley College 
itself. The quantity and quality of 
the material set forth in the pages 
of the paper to-day, shows but a 
slight change from the same char- 
acteristics in the old “Crank,” as 
the magazine was called about the 
year 1890. In spite of the marvel- 
lous growth of Sibley College, 
with the accompanying increased 
body of alumni and undergradu- 
ates, there has come no very 
marked change in the paper which 
represents that institution. There 
can be only two rational explana- 
tions cf such a condition: either 
that the various succeeding edi- 
torial boards have maintained no 
fixed policy of advancement and 
betterment from year to year, be- 
ing content merely to equal the ef- 
forts put forth by those in control 
before them, or that the paper has 
reached the pinnacle of perfection 
for the college technical periodical 
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and can be brought no higher. We 
believe the latter assumption to be 
wholly incorrect, and feel that 
with a vigorous determination on 
the part of each editorial board to 
foster at least a slight ‘amount of 
improvement during each succeed- 
ing year, the sIBLEY JOURNAL can 
be made to discover possibilities of 
becoming one of the best technical 
periodicals in the country. 

It is necessary and highly de- 
sirable that the editors of the s1p- 
LEY JOURNAL look to the alumni 
and faculty of Sibley College for 
the greater portion of the material 
which fills its pages. This is neces- 
sary in order that the purpose of 
the paper be fulfilled: to act as a 
medium for the thoughts and ideas 
of the men who represent the Col- 
lege. It is desirable because there 
are in the two bodies mentioned 
an unlimited number of highly 
capable and experienced profes- 
sional men whose writings are 
eagerly sought by the standard 
technical magazines. It is the help 
of these men that can undoubtedly 
make the sIBLEY JOURNAL one of 
the foremost of engineering publi- 
cations, and the present editorial 
board starts the new year with the 
fixed policy of engaging the inter- 
est and aid of the alumni and 
faculty of Sibley College with a 
view to making the jouRNaL a fit 
representative of one of the finest 
engineering schools in the world. 
—The Sibley Journal, October, 
1910. 


One can scarcely realize that, 
within the memory of persons now 
living, the idea of transmitting in- 
telligence electrically by wires was 
regarded as a chimera. Indeed, 
the first messages sent from Balti- 
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more to Washington over the orig- 
inal line, in the construction of 
which Ezra Cornell was a leading 
spirit, created no end of astonish- 
ment among members of Congress 
and others. The story of the elec- 
tric telegraph begins at sea. Mr. 
Morse Best conceived the idea 
while returning from Havre on the 
packet ship “Sully,” in 1832. At 
that time the electro-magnet was a 
scientific novelty, and nobody 
knew much about its action or pos- 
sible uses. Mr. Morse, however, 
had the notion that it could be 
used in signalling. He was a poor 
artist, at times reduced almost to 
poverty, and want of means and of 
suitable apparatus for experiment- 
ing delayed the development of his 
invention. His application for a 
patent was made in 1837, but the 
invention was really conceived 
several years earlier. 

The first public demonstration 
was made at Morristown, N.J., in 
January, 1839, over three miles of 
wire. But, like the telephone in 
later days, the primitive telegraph 


was mostly regarded as a scientific 


toy, and few persons were able to 
believe that it possessed com- 
mercial utility. This state of in- 
credulity is indicated by the atti- 
tude of Congress. It was five years 
later and aa repeated failures, 
when a bill was finally passed ap- 
propriating $30,000 for the con- 
struction of an experimental tele- 
graph line between Washington 
and Baltimore, in 1843. The origi- 
nal plan for this line was to lay a 
lead pipe, containing two insulated 
wires, in a trench under the sur- 
face of the ground. Mr. Cornell 
devised a plow that operated very 
successfully in cutting the trench 
and laying the primitive cable. 
After about ten miles of construc- 
tion it was found that the insula- 
tion, which was cotton yarn and 
shellac, was imperfect, and at the 
same time the financial situation 
was very critical, as the funds were 
insufficient to carry out the work 
as planned, and it became import- 
ant to stop operations without 
letting the newspapers know the 
real reason. The superintendent 
was equal to the occasion, for he 


forthwith ran the plow against a 
stump and wold the apparatus. 
It was supposed that two wires 
were necessary, the use of the 
— to complete a circuit not 
one been discovered until some 
time later. Finally the line was 
completed on poles and opened 
for operation in May, 1844—The 
Sibley Journal, October, 1910. 


Tantalum lamps for street cars 
have been experimented with ex- 
tensively by the Chicago Railways 
Company, according to the Elec- 
trical World. Regularly operated 
cars were equipped with tantalum 
lamps and accurate records kept 
of the car-miles, lamp-hours, ne 
age and displacements. Various 
forms of frosted globes were tried 
but were discarded in favor of the 
clear glass. It has not been found 
practical to place tantalum lamps 
on some of the older cars having 
center fixtures which hold the 
lamps at an angle greater than 
fifteen degrees with the vertical.— 
The Sibley Journal, October, 1910. 
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NEW CHRYSLER 
CAR-A-MINUTE ASSEMBLY PLANT 


ADMINISTRATION BLDG. — Architects and Engineers: Sveavaur & Pancet, St. Louis * General Contractor: Faurs-Cotnon Contaactine Co., St. Louis 
ASSEMBLY BLDG. — Atsgat Kann, Associated Architects and Engineers, Detroit * H. D. Toustzy Co., General Contractor, Kirkwood, Mo. 


Designed to hold down upkeep... equipped with JENKINS VALVES 


Chrysler Corporation’s St. 
Louis assembly plant serves 
the midwest, employs more 
than 4000 in building Val- 
jant, Piymouth, Dodge Dart 
and new Dodge Lancer cars. 
Seven buildings include a 
1.3 million square-foot man- 
ufacturing building and a 
U-shaped administration 
building of reinforced con- 
crete columns and girders, 
with pre-cast concrete floor 
and roof deck. 


Designed to be “the nation’s most modern automobile manufacturing facility,” 
this huge new plant also represents an all-out effort to make it a record-breaker 
in terms of low upkeep. 

That Jenkins Valves would minimize valve maintenance and replacement 
costs was assured by the service records of Jenkins Valves in other Chrysler 
Corporation plants. 

By installing Jenkins Valves to control customary service lines and the 
extensive paint carrying system in the St. Louis plant, Chrysler guaranteed 
dependability and economy. Yet, the Jenkins Valves cost no more. 

You can take the gamble out of valve costs with one word in your specifica- 
tions or purchase order . . . the word for economy: “JENKINS.” For information 
about specific valves, ask your local Jenkins Distributor or write—Jenkins Bros., 
100 Park Ave., New York 17. 


JENKINS 


enkins Gate Valves control lines carrying paint 
as well as plumbing, heating, air conditioning. 
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Manufacturers of Super-Refractories Only 


REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE —— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 
also 
CUSTOM PRODUCERS OF ELECTRICALLY FUSED REFRACTORY GRAINS 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 


For Elegant Dining 


Printing 
27 Course Smorgasbord 
Promotes 
Banquets for Special Occasions Progress 


Dinner in the Mural Lounge 


The Clinton House dll 


113 E. Green St. Ithaca, N. Y. 
116 North Cayuga Street 
Ithaca 4-6443 Phone 2-2781 
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There are many opportunities for 
mechanical engineers at Bethlehem Steel 


You'll find a mechanical engineer designing complex ma- 
chinery for a new rolling mill. Another is supervising 
construction of a giant blast furnace. Another is develop- 
ing improved production methods. Others design tools, are 
in charge of plant maintenance divisions, or head up fuel 
departments. Others are in sales work. In fact, Bethlehem’s 
president is a mechanical engineer. 

The point is simple: there’s virtually no limit to the op- 
portunities at Bethlehem Steel for men trained in mechani- 
cal engineering. 

If you're looking for a real opportunity to put your 
training to work, with a company that appreciates the tal- 


b for Strength 
+, . Economy 
... Versatility 
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ents of mechanical engineers and has plenty of use for 
them, look into the possibilities at Bethlehem Steel. 


Bethlehem offers excellent career opportunities 
for men in virtually all engineering curricula: 
metallurgical, electrical, chemical, industrial, 
civil, mining, ceramic, architectural, and others. 
We suggest that you discuss Bethlehem with 
your Placement Officer. And be sure to 
pick up a copy of our booklet, “Careers with 
Bethlehem Steel and the Loop Course.” 


BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 


BETHLEHEM STEEL 
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STRESS STRAIN... 
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Patient: 
going bad.” 
Doctor: “How do you know?” 

Patient: “How do I know what?” 


“Doc, my memory is 


Beg your pardon, but aren't you 
an engineering student?” 

“No, it’s just that I couldn't find 
my suspenders this morning, my 
razor blades were gone, and a bus 
ran over my hat.” 


It’s a fact: If you drink a gallon 
of milk a month for 1200 months, 
you'll live to be a hundred years 
old. 

The baby sardine saw its first 
submarine and went swimming in 
terror to its mother. “Don't be 
frightened, darling,” she reassured 
him, “It’s only a can of people.” 


Little Johnny came home from 
school crying. “Hey, Ma, all the 
boys are picking on me. They say 
I have a big head.” 

“You don’t have a big head, 
Johnny. Now run along and play.” 

The same thing happened the 
next day and the next, and each 
time Johnny's mother comforted 
him. The fourth day Johnny came 
home with the same story. 

“For once and for all, Johnny, 
you don't have a big head. Now 
please go down town and get me 
ten pounds of potatoes.” 

“O.K., Ma, give me a sack.” 

“Sack? What do you need a sack 
for? Use your cap.” 


“Give me another pound of your 
ant powder,” said the ChE rushing 
into the store. 

“I'm glad to see that you like the 
powder,” said the clerk. 

“Yes,” snapped the customer, 

“I've got one ant unconscious with 
the first pound and I figured I'll be 
able to kill him with the second.” 


A railroad agent in Africa had 
been bawled out for doing things 
without orders from headquarters. 
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One day his boss received the fol- 
lowing startling telegram: “Tiger 
on platform eating conductor. 
Wire instructions.” 


Typist: “But professor, isn’t this 
the same exam you gave last 
year?” 

Professor: “Yes, but I've changed 
the answers.” 


Two co-eds were discussing 
their favorite subject: men. 

“If I came home and found an 
engineer in my apartment,” gasped 
the freshman, “I wouldn't know 
what to do.” 

“You could give him forty-eight 
hours to get out,” suggested the 
senior. 

Second: “Well old man, I'm 
afraid you're licked now.” 

Boxer (gazing dizzily across to 
opposite corner): “Yeah I shoulda 
got him in the first round when he 
was alone.” 


A small boy, whose father was 
an engineer, paused before he 
said his good-night prayers. 

“Mother, will I go to heaven 
sometime?” asked. 

“Yes, dear, if you're good.” 

“And will you be there?” he 
asked. 

“I hope so, and Daddy will be 
there, too.” 

The little man shook his head 
emphatically. “My Daddy won't 
be there, he couldn't finish his 
lab report in time.” 


Truck driver stopped beside 
stalled Volkswagen on highway: 
“What's the matter buddy, need a 
new flint?” 


A preacher recently announced 
that there are 735 sins. 

He is being besieged with re- 
quests for the list, mostly from 
college students who think they're 
missing something. 


A sweet old lady, always eager 
to help the needy, ta a particu- 
larly sad-looking old man standing 
on a street corner. She walked over 
to him, pressed a dollar into his 
hand and said, “Chin up.” The next 
day, on the same corner, the sad 
old man shuffled up to the lady and 
slipped ten dollars into her hand. 

“Nice picking,” he said in a low 
voice. “He paid nine to one.” 


Little Susie was at the question 
stage. 
“Mama,” she asked, “when I 


grow up and get married, will I 
also get a husband like daddy?” 
“Indeed you will,” smiled Mama. 
“And if I don’t get married, will 
I be an old maid like Aunt Ma- 
thilda?” 
“That's right,” agreed Mama. 
“Gosh,” mourned little Susie, 
“either way a woman can’t win!” 


If we want to make a new world 
we have the original materials 
ready. The first one was made out 


of chaos. 


The boss sent the new engineer 
out to do the first job on his own. 

“Just go ahead and use common 
sense,” he told him. 

“Sir,” he gravely replied, “com- 
mon sense is a rare gift of God. 
All I have is a B.S. degree.” 


An Englishman once took a trip 
to Ireland to inspect an estate that 
he had inherited. As he was walk- 
ing through one of the gardens of 
the estate, an Irish farmer ap- 
proached him and asked, “How did 
you acquire this land?” 

“I inherited it from my father,” 

was his answer. 

“How did your father get it?” 
“He inherited it from his father.” 
“How did he get it?” 

“He inherited it from his father.” 

“How did his father get it?” 

asked the Irishman. 

“He fought for it.” 

“Take off your coat.” 
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—youll find 
Photography 


at Work 
with you 


Already engineers working with 
nuclear power have learned that only 
utmost purity of materials and metic- 
ulous accuracy in manufacture can be 
tolerated in a reactor. Steels for the 
reactors and reactor vessels are checked 
for make-up and molecular structure 
with photomicrography and x-ray dif- 
fraction. Welds are proved sound and 
moderators flawless with radiography. 
And stresses likely to occur are studied 
in advance with photo-elastic stress 
analysis. 

In this new-day industry, as in any 
field on which you set your sights, 
photography plays a part in making a 
better product, in producing it easier, 
in selling it faster. It cuts costs and 
saves time all along the line. 


So, in whatever you plan to do, take 
full advantage of all the ways photog- 
raphy can help. 


CAREERS WITH KODAK: 
With photography and photographic proc- 
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research, engineering, elec- 
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 


ck-up of the Shippingport (Pa.) Atomic Power Station reactor 
ch was designed and developed by the Westinghouse Electric 
poration under the direction of and in technical cooperation 
1 the Naval Reactors Branch, U.S. Atomic Energy Commission. 


EASTMAN KODAK COMPANY Kodak 


TRADE MARK 


Rochester 4, N.Y. 
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Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con- 
siderations will certainly play a big 
part in your evaluation of career op- 
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary—a most individual and per- 
sonal aspect of your job—is difficult to 
discuss in general terms. While recog- 
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 


Q Mr. Case, what starting salary does 
your company pay graduate engineers? 


A Well, you know as well as I that 
graduates’ starting salaries are greatly 
influenced by the current demand for 
engineering talent. This demand es- 
tablishes a range of “going rates” for 
engineering graduates which is no doubt 
widely known on your campus. Be- 
cause General Electric seeks outstand- 
ing men, G-E starting salaries for these 
candidates lie in the upper part of the 
range of “going rates.” And within 
General Electric’s range of starting sal- 
aries, each candidate’s ability and 
potential are carefully evaluated to de- 
termine his individual starting salary. 


Q How do you go about evaluating 
my ability and potential value to your 
company? 


A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar- 
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
members. These considerations deter- 
mine where within G.E.’s current sal- 
ary range the engineer’s starting salary 
will be established. 


One of a series 


Interview with 


General Electric’s Byron A. Case 
Manager— Employee Compensation Service 


Your Salary 
at General Electric 


Q_ When could | expect my first salary 
increase from General Electric and how 
much would it be? 


A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers—the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Program—his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col- 
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re- 
flects the individual's job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform- 
ance even at the earliest stages of 
professional development. And this 
emphasis on performance increases 
as experience and general competence 
increase. 


Q_ How much can | expect to be making 
after five years with General Electric? 


A As I just mentioned, ability has a 
sharply increasing influence on your 
salary, so you have a great deal of per- 
sonal control over the answer to your 
question. 

It may be helpful to look at the cur- 
rent salaries of all General Electric 
technical-college graduates who re- 
ceived their bachelor’s degrees in 1954 
(and now have five years’ experience). 
Their current median salary, reflect- 
ing both merit and economic changes, 
is about 70 percent above the 1954 
median starting rate. Current salaries 
for outstanding engineers from this 


class are more than double the 1954 
median starting rates and, in some 
cases, are three or four times as great. 


Q What kinds of benefit programs 
does your company offer, Mr. Case? 


A_ Since I must be brief, I shall merely 
outline the many General Electric em- 
ployee benefit programs. These include 
a liberal pension plan, insurance plans, 
an emergency aid plan, employee dis- 
counts, and educational assistance pro- 
grams. 

The General Electric Insurance Plan 
has been widely hailed as a “pace 
setter” in American industry. In addi- 
tion to helping employees and their 
families meet ordinary medical expen- 
ses, the Plan also affords protection 
against the expenses of “catastrophic” 
accidents and illnesses which can wipe 
out personal savings and put a family 
deeply in debt. Additional coverages in- 
clude life insurance, accidental death 
insurance, and maternity benefits. 

Our newest plan is the Savings and 
Security Program which permits em- 
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen- 
eral Electric stock. These savings are 
supplemented by a Company Propor- 
tionate Payment equal to 50 percent 
of the employee's investment, subject 
to a prescribed holding period. 


If you would like a reprint of an 
informative article entitled,**How 
to Evaluate Job Offers” by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
5, New York. 
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